t 

i) 


STUDIES  OF  MOBILITY,  AGILITY 
AMD 

SURVIVABILITY  IN  THE  LAND  COMBAT  ENVIRONMENT 

BY 

Samuel  H.  Parry 
September  1975 

Approved  ■for  public  release;  dls 

Prepared  for: 

U.  S.  Arn\y  Armor  Center 
Fort  Knox,  Kentucky  40121 


D 'CN 

ifMEmiznii  nipr? 


m 4 1976 


r\ 


NAVAL  POSTGRADUATE  SCHOOL 
Monterey,  California 


Rear  Admiral  I sham  W.  Linder 
Superintendent 


Jack  R.  Bo rs ting 
Provost 


The  work  reported  herein  was  supported  by  the  U.S.  Artny  Armor  Center, 
Fort  Knox,  Kentucky. 


Reproduction  of  all  or  part  of  this  report  Is  authorized. 


This  report  was  prepared  by: 


0U\M4> 


Samuel  H.  Parry  y/ 
Assistant  Professor  ' 
of  Administrative  Sciences 


— 


Reviewed  by: 


Released  by: 


PiKHMI 


avia  a.  schrady,  cna uman  a 'r.  r.  possum 
Department  of  Operations  Re/eareh  Dean  of  Research 
and  Administrative  Sclerces 


1 ,i:.r,r i»i  u 


IICU Nl TV  CLAMIPICATION  01  THU  PAOt  Ml  Bn tin* 


REPORT  DOCUMENTATION  PAGE 


1.  OOVT  ACCBMION 


rn  ran <*  Jui 


WW'I  TTrtn  I 


^✓Studies  of  Nobility,  Agility  and 
I Survivability  In  the  Land  Combat  Environment, 


I irM-TT  l J TTTTl ^-TTTi/ \i  n V\ 


Approved  for  public  release;  distribution  unlimited. 


II.  lUPPl.tMlNTANV  NOTH! 


HIV 


KEY  WORDS  fCMlbwi  m ramie  tide  it  ft mmmtt  m4  ifmttfy  Iff  Mm*  mm  km) 


Tank  Mobility 
Tank  Ability 
Tank  Survivability 


Experimental  Design 
Armor  Tactics 
Land  Combat  Studies 


•n  i*wn  Htfa  II  mmiay  i 


0.  ABITNACT  (Cm 

This  report  describes  the  results  of  research  and  analysis  conducted  In 
two  mp  lor  areas : 

0)  The  Swedish  S-Tank  Agl 1 1 ty^SurvI vabl 1 1 ty  (STAGS)  test,  and 
(21/halysls  of  apparent  acceleration  and  velocity  of  a moving 
/ target  relative  to  a stationary  flrer. 

Reports  on  the  results  of  four  separate  studies  conducted  for  the  STAGS 
Test  are  given.  These  reports  Include  the  proposed  Analytical  Plan  for  analysis 
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f the  experl mental  results,  Analysis  of  Variance  program  and  procedures. 

Mean  Value  Differential  Analysis  program  and  procedures,  and  String 
Statistics  program  and  procedures. 

The  second  phase  of  the  report  Is  concerned  with  the  quantification  of 
the  effects  of  mobility  and  agility  on  tank  survivability.  In  particular 
procedures  were  developed  to  compute  the  apparent  acceleration  and  velocity 
of  a target  moving  at  various  speeds  and  accelerations  and  employing  a variety 
of  movement  tactics.  Complete  documentation.  Including  the  programs,  proce- 
dures, and  results,  are  Included  In  this  phase  of  the  report. 

Finally,  data  requirements  from  the  STAGS  Test  to  be  used  In  conjunction 
with  the  apparent  acceleration  and  velocity  analysis  are  specified.  - 
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1.  INTRODUCTION 


This  report  describes  the  results  of  research  and  analysis  conducted 
for  the  U.S.  Army  Armor  and  Engineer  Board  at  Fort  Knox,  Kentucky  during 
July,  August,  1975.  The  research  was  concentrated  In  two  major  areas  as 
follows: 

1.  The  Swedish  S-Tank  Aglllty/Survlvablllty  Test  (STAGS)  to  bo 
conducted  at  Fort  Knox  during  the  last  three  months  of  1975. 

2.  Analysis  of  apparent  acceleration  and  velocity  of  a moving 
target  relative  to  a stationary  flrer. 

The  total  analytical  plan  for  the  STAGS  test  Is  currently  being  finalized 
by  Fort  Knox.  Inputs  for  this  plan  were  provided  by  the  Training  and  Doctrine 
Systems  Analysis  Activity  (TRASANA)  and  the  Armor  and  Engineer  Board,  and 
the  writer.  The  writer  was  responsible  for  the  Analysis  of  Variance  design 
and  procedures  to  be  used  to  test  statistical  hypothesis  of  the  mean  values 
of  various  factors.  This  technique  Is  particularly  applicable  for  analyzing 
the  depend  variables  of  lay  time,  load  time,  time  to  fire  first  and  subsequent 
rounds,  acquisition  time,  and  number  of  rounds  fired.  The  ANOVA  will  also  be 
used  to  analyze  the  horizontal  and  vertical  miss  distance  dependent  variables. 
TRASANA  has  responsibility  for  analyzing  the  variances  of  the  dependent 
variables,  a particularly  Important  aspect  In  the  study  of  miss  distances. 

The  specific  split-plot  designs  and  ANOVA  procedures  to  be  used  to  analyze 
the  field  test  data  are  given  In  Chapter  2. 

Specific  programs  developed  to  support  the  STAGS  analysis  are  given  In 
Chapters  3,  4,  and  5.  In  order  to  test  the  models  developed,  a data  set  was 
prepared  In  the  same  form  as  the  field  data  will  be  collected.  The  actual 
numbers  In  the  sample  data  set  were  made  up  by  two  Army  officers.  Therefore, 
the  sample  outputs  given  In  Chapters  3,  4,  and  5 are  not  Intended  to  provide 
conclusions  but  to  demonstrate  the  models'  capabilities.  The  analysis  of 
the  actual  field  data  will  be  made  by  the  writer  In  early  1976  and  will  be 
reported  In  a subsequent  Technical  Report. 

Each  of  the  Chapters  3,  4,  and  5 Includes  a description  of  the  program, 
a program  listing,  and  a sample  output  for  X and  Y miss  distances  using 
the  sample  data  set. 

The  analysis  of  Variance  will  utilize  the  ANOVA  package  from  the  Statis- 
tical Package  for  the  Social  Sciences  (SPSS)  as  discussed  In  Chapter  3.  The 
Mean  Value  Differential  Analysis  (MVDA)  program  computes  the  Grand  Mean, 
submeans,  and  submean  differentials  for  up  to  a five  factor  experiment.  This 
program  will  be  used  as  a supplement  to  the  ANOVA  to  provide  additional 
insights  Into  the  magnitude  of  mean  differences  between  the  various  factors 
In  the  experiment.  The  MVDA  program  Is  described  In  Chapter  4. 

The  String  Statistics  Program  (Chapter  5)  was  designed  to  provide 
Initial  statistics  for  experimental  data  to  Indicate  the  basic  nature  of  the 
data.  This  program  will  be  expanded  In  a future  contract  period  to  provide 


ip. 


trend  analysis  and  probability  plots. 


One  of  the  most  Important  questions  facing  the  armor  community  today  Is 
"What  Is  the  effect  of  mobility  and  agility  on  tank  survivability  on  the 
battlefield?"  In  order  to  provide  a quantification  of  important  facets  of 
this  problem,  a program  was  developed  to  compute  the  apparent  acceleration 
and  velocity  of  a target  moving  at  various  speeds  and  accelerations  and 
employing  a variety  of  movement  tactics.  The  Initial  effort  (Chapter  6) 
describes  results  of  targets  moving  with. a flank  aspect  to  the  flrer  vehicle. 
From  this  report  near  far  range  bands  In  which  apparent  acceleration  and 
velocity  contribute  to  the  tracking  problem  are  Identified,  The  current 
status  of  the  research  Is  described  In  Chapter  7.  Th<  program  has  been 
expanded  to  allow  target  movement  In  any  direction.  Including  sinusoidal  and 
three-dimensional  representations.  The  next  phase  of  research  In  this  area 
Involves  the  analysis  of  actual  tracking  data  In  conjunction  with  the  target's 
apparent  acceleration  and  velocity.  Data  to  be  collected  from  the  STAGS  Test 
to  support  this  effort  Is  described  In  Chapter  8. 

Based  on  the  efforts  conducted  to  date  as  documented  In  this  report, 
additional  research  proposals  are  currently  being  considered  by  the  U.S.  Army 
Armor  and  Engineer  Board.  It  Is  anticipated  that  the  results  presented 
herein  will  serve  as  the  basis  for  continuing  research  and  analysis  of  these 
areas. 
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2.  PROPOSED  ANALYTICAL  PLAN  - ANALYSIS  OF  VARIANCE 
STAGS  SURVIVABILITY  TEST 


The  STAGS  Test  consists  of  several  parts,  Including  vehicle 
characteristics  test,  speed  and  precision  of  lay,  hitting  performance, 
simulated  mission  firing,  human  factors  evaluation,  reliability, 
maintainability,  safety,  mobility  course  evaluation,  survivability 
experiments,  and  silhouette  exposures  In  stationary  positions. 

The  analysis  presented  herein  will  consider  only  the  survivability 
experiment  portion  of  the  STAGS  Test. 

The  survivability  experiment  will  be  conducted  In  two  phases  as 
follows:  • 

PHASE  I:  Yano  Range  Phase 

PART  A:  Constant  Speed  Test 
PART  B:  Stop-Start  Test 
PART  C:  Evasive  Tactics  Test 

PHASE  II:  St.  VI th  Phase 

PART  A:  Intermittent  Intervlslblllty  discontinuity 
segments  (Routes  1 & 3). 

PART  B:  Three-Tactics  Test  to  measure  effects  of  a 
moving,  partially  concealed  silhouette  on 
gunner  hitting  performance  (Route  2). 

PART  C:  Concealment  Test  to  measure  the  effects  of 
selected  Intervlslblllty  segment  length  size 
on  gunner  hitting  performance  (Route  4). 

PART  D:  Effects  of  rapid  advance  tactics  and  maximum 
terrain  use  tactics  on  Intervlslblllty  segment 
lengths. 

NOTE:  Analysis  of  Variance  techniques  will  be  utilized  only 

™*~“  for  the  Yano  Range  Phase  of  the  subtest.  Other 

appropriate  techniques  such  as  regression  and  correla- 
tion analyses  will  be  conducted  by  TRASANA  for  the  St. 

VI th  Phase. 
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EXPERIMENTAL  DESIGN  MODEL  SELECTION 


The  purpose  of  Analysis  of  Variance  (ANOVA)  Is  to  test  statistical 
hypotheses  of  the  mean  values  of  various  factors  (Independent  variables) 
as  they  affect  observed  values  of  a specified  dependent  variable..  One 
of  the  basic  assumptions  underlying  the  linear  model  Is  that  the  variance 
due  to  experimental  error  within  each  of  the  treatment  populations  be 
homogeneous.  Moderate  departures  from  this  assumption  do  not*  however* 
seriously  affect  the  sampling  distribution  of  the  resulting  F statistic 
used  to  test  for  significant  differences  between  the  means  of  the  various 
treatment  levels. 

i 

Prior  to  conducting  the  ANOVA,  appropriate  tests  (e.g.,  Hartley, 
Cochran,  or  Bartlett  test)  for  homogeneity  of  variance  will  be  made. 

If  the  hypothesis  of  homogeneity  of  variance  Is  rejected,  appropriate 
modifications  to  the  F distribution  utilized  for  the  test  will  be  made 
(see  Winer,  page  206).'  ! 

Each  part  of  the  survivability  experiment  utilizes  five  different 
crews  for  each  of  four  flrer  vehicles.  Other  factors  such  as  target 
speed,  course,  tactics,  etc.,  (different  for  each  part)  are  specified 
by  the  experimenter  and  thus  are  truly  treatment  factors. 

Several  possible  designs  were  considered:  full  factorial,  nested 
factorial,  block  design,  and  split-plot  design.  The  full  factorial  and 
block  designs  were  rejected  because  the  crews  are  "nested"  within  flrer 
vehicles,  since  the  effects  due  to-crews  are  restricted  to  a single  level 
of  the  flrer  vehicle  factor. 

A split-plot  design  has  much  In  common  with  a nested  (or  partially 
hlerarchlal)  design.  The  term  split-plot  comes  from  agricultural 
experimentation  In  which  a single  level  of  one  treatment  Is  applied 
to  a relatively  large  plot  of  ground  (the  whole  plot)  but  all  levels 
of  a second  treatment  are  applied  to  subplots  within  the  whole  plot. 

The  analogy  of  the  survivability  experiment  with  the  split-plot  concept 
Is  Illustrated  utilizing  Phase  I - Part  A factors. 


^Wlner,  B.  J.,  Statistical  Principles  In  Experimental  Design, 
McGraw  Hill,  1971. 
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Each  of  the  twenty  crews  (selected  from  the  total  population 
of  tank  crews)  are  analogous  to  the  whole  plots.  The  four  levels  of 
factor  F (flrer  vehicle)  are  applied  to  the  whole  plots  (l.e.,  five 
crews  (whole  plots)  are  assigned  to  each  flrer  vehicle).  The  subplots 
consist  of  the  twelve  treatment  levels  derived  from  the  three  courses 
and  four  speeds  per  course.  Note  that  each  of  the  twelve  subplots 
(speed-course  treatment  levels)  are  run  In  every  whole  plot  (20  crews), 
a requirement  for  the  split-plot  design. 

The  following  assumptions  are  made  regarding  the  split-plot  designs 
used  for  all  of  the  survivability  experiments  In  Phase  I. 

1.  The  flrer  vehicle  factor  and  all  subplot  treatment  factors 
are  fixed  effect  factors. 

2.  The  plots  (crews)  are  a random  sample  from  a specified 
population  of  plots  (crews).  Thus,  the  crew  factor  Is  treated  as  a 
random  effect  factor. 


NOTE:  The  Implication  of  considering  crews  as  a random  effect  factor 

Is  that  conclusions  drawn  from  the  experiment  will  be  relevant 
to  the  domain  of  all  crews  and  not  just  to  the  particular  ones 
selected  for  the  experiment.  In  contrast  the  Implication  of 
considering  flrer  vehicle,  course,  speed,  etc.,  as  fixed  effect 
Factors  Imply  that  conclusions  from  the  experimental  analysis 
will  be  relevant  to  the  specific  treatment  levels  of  these 
factors . 


A usual  requirement  In  a split-plot  design  Is  that  the  assignment 
of  treatment  levels  (speed-course)  be  randomly  assigned  to  the  subplots. 
Since  data  will  be  collected  simultaneously  on  the  four  flrer  vehicles 
for  each  crew,  complete  randomization  within  each  plot  is  not  possible. 
The  writer's  opinion  Is  that  this  fact  will  have  no  real  Impact  on  the 
analysis  for  the  following  reasons: 

1.  The  primary  reason  for  randomizing  the  order  In  which  treat- 
ment levels  are  applied  Is  to  eliminate  a systematic  uncontrolled 
variation  which  Is  especially  Important  If  the  same  subjects  can 
Identify  patterns  In  the  ordering.  This  problem  Is  not  present  In 
the  survivability  test  since  only  one  replication  per  crew  Is  conducted 
and  the  crews  do  not  know  the  next  treatment  level  to  be  presented. 
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2.  Randomization  is  particularly  important  in  physical  science 
or  agriculture  experiments  where  material  deterioration,  physical 
attributes,  etc.,  are  Important  considerations.  Also,  randomization 
Is  Important  when  highly  accurate  measures  of  the  dependent  variable 
are  being  made  (such  as  In  a chemical  experiment).  These  problems  are 
minimal  In  the  survivability  experiments. 

3.  It  should  be  noted  that  the  ordering  of  the  subplot  treat- 
ment levels  will  be  randomized,  but  that  the  same  order  will  be  applied 
to  each  plot  (crew). 

4.  The  survivability  experiment  represents  a situation  where 
the  physical  considerations  of  experiment  conduct  must  override.  It 
Is  Important  to  realize  the  assumptions  made  In  the  design  concerning 
randomization,  but  the  writer  feels  that  very  little  will  be  lost  In 
the  analysis  due  to  this  factor. 

The  general  form  of  the  Analysis  of  Variance  (ANOVA)  Is  given 
below: 


DEFINITIONS 


F1 , 1 » 1,  ....  4 - Flrer  vehicles 


cm(1 ) ,m  ■ •••»  5 " Crews  within  flrer  vehicle,  1. 


T1  j ■ 1,  ....  n - Treatment  levels  for  the  subplots  (different 

for  each  part  of  the  test). 

NOTE:  For  Phase  I,  Part  A,  these  are  12  treatment  levels  made  up  of 
3 courses  (flank,  oblique,  and  head-in)  each  rtm  at  4 speeds 
(10,  20,  30,  40  MPH). 


SOURCE  OF  VARIATION 
BETWEEN  PLOTS  . . . 
F 

C (within  F) 


DEGREES  OF  FREEDOM 
19 
3 

16 


EXPECTED  MEAN  SQUARE 

ae  + n a£  + 5n  a2p 
+ n a| 
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WITHIN  PLOTS  ....  2Q(n-l) 


T 

(n-1) 

al  + 20af  + ofc 

F X T 

3 n 

at  * Sofj  + °fc 

T X C 

16(n-l) 

al  + aTC 

In  the  ANOVA  presented  above , the  T X C Interaction  represents 
the  cross  between  a fixed  and  random  factor.  Because  the  subplots  are 
not  replicated,  no  degrees  of  freedom  remain  for  a*,  the  error  term. 

There  has  been  much  discussion  concerning  the  assumptions  under 
which  a "mixed"  Intersection  of  factors  (fixed  x random)  can  be  con- 
sidered as  part  of  the  error  term  (which  Is  assumed  to  be  normally 
distributed  with  zero  mean  and  variance  og  due  to  uncontrollable 
experimental  error). 

The  assumption  is  made  In  this  design  (supported  by  discussions 
in  Winer)  that  the  T X C source  of  variation  be  Incorporated  as  part 
of  o|.  This  assumption  will  be  employed  In  all  designs  for  the 
appropriate  parts  of  the  survivability  test. 

It  Is  Important  to  note  that  the  variance  due  to  crew  within 
flrer  Is  measured,  but  that  crew  Interaction  with  the  subplot  treat- 
ments is  considered  as  part  of  the  experimental  error  (a*). 


FACTORS  AND  PROPOSED  DESIGN  FOR  ANOVA 


The  following  Items  are  described  for  each  part  of  Phase  I of 
the  STAGS  Survivability  Test  In  this  section: 

1.  Dependent  variables  to  be  measured, 

2.  Factors  (Independent  variables)  In  the  design, 

3.  The  proposed  experimental  design  model,  and 
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4.  Layout  of  the  ANOVA  for  each  part,  Including  the  factors, 
degrees  of  freedom,  expected  mean  square,  and  appropriate  comments 
(Attachment  2). 


NOTE;  A table  of  definitions  for  all  factors  Is  given  In 
i Attachment  1 . 

• ■! 


PHASE  I - PART  A 

1.  Dependent  variables  to  be  measured: 

a.  Time  to  lay  on  targets 

b.  Time  to  fire  first  rounds 

c.  Time  between  rounds  fired 

d.  Number  of  rounds  fired 

e.  Time  to  acquire  target  (gunner's  acquisition) 

f.  Miss  distance  (horizontal  and  vertical)  for  each  round 

NOTE;  Each  dependent  variable  will  essentially  constitute  a 

separate  ANOVA,  but  the  same  design  will  be  used  for  each. 
Only  one  target  vehicle  Is  used  In  I.  A. 

2.  Factors  (Independent  variables)  In  the  design: 

a.  Flrer  (defender)  vehicles  (F-j,  i « 1,...,  4) 

b.  , Crews  on  flrer  vehicle  (Cj,  j ■ i,  5)1 


‘ 


j 


1 


The  sixth  crew  run  described  in  STAGS  Is  actually  a rerun  of  an  ] 

original  crew  to  measure  training  effect  and  will  be  considered  In  a 

separate  design  If,  In  fact,  a sixth  crew  run  Is  made.  j 

1 


tfliaiiaaai num mu 
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c.  Course  of  target  vehicle  (Dk,  k ■ 

d.  Speed  of  target  vehicle  (SA,  i * 1,...,4) 


NOTE:  There  will  be  240  data  points  measured  for  each  dependent 

variable. 


3.  Experimental  Design 

The  design  for  I.  A.  Is  a split-plot  design  as  are  all 
designs  for  Phase  I of  the  survivability  experiment.  The  subplot  treat- 
ment levels  for  I.  A.  (course  and  speed)  will  consider  the  speed  factor 
nested  In  the  course  factor.  The  concept  of  nesting  speed  within  course 
considers  speed  as  a function  of  course,  while  providing  the  capability 
of  measuring  the  course'  main  effect. 


x1jk*  ■ H * T\  * Cj(1)  + Dk  + s*(k) 


+ FD1k  4 FSU(k)  + e(1JU) 


NOTE:  e...  the  error  terffl»  *s  actually  composed  of  the  inter- 

actions of  C4/|i  with  D,,  and  $ as  described  In  a previous 
section.  K Mk) 


PHASE  I - PART  B 


Parts  B and  C of  Phase  I are  Identical  except  that  different 
tactics  are  considered.  This  report  presents  the  designs  as  two  distinct 
experiments.  It  may  be  desirable,  however,  to  consider  them  as  one 
design  with  an  Increased  number  of  treatment  levels  for  Tactics. 

1.  Dependent  variables  to  be  measured  (same  list  as  for  I.  A.) 
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2.  Factors  In  the  design: 

a.  Flrer  vehicle  (Fi,  i « l 4) 

b.  Craws  on  flrer  vehicle  (C^,  j • 1,...,5) 

c.  Course  (direction  of  travel)  (Dk,  k ■ 1,...,3) 

' d.  Target,  vehicles  (V&,  i - 1,,..,6) 

e.  Tactics  per  segment  (Tm,  m ■ 1,2) 
(acceleratlon/deceleratlon  time) 


There  will  be  720  data  points  for  each  dependent  variable. 


3.  Experimental  Design 

This  design  differs  from  I.  A.  In  the  following  considerations: 

a.  Two  tactics  per  segment  are  considered.  These  tactics 
are  described  by  the  length  of  time  specified  for  acceleratlon/decelera- 
tlon  on  each  half  of  the  segment,  and  each  half  will  be  treated  as  a 
separate  trial  for  purposes  of  the  ANOVA.  The  tactics  are  nested  within 
course  In  the  proposed  design  for  the  same  reason  that  speed  was  nested 
within  course  In  I.  A. 

b.  Six  target  vehicles  are  played. 

c.  Target  speed  Is  replaced  by  the  tactic  factor  described 

above. 

The  split-plot  design  proposed  for  I.  B.  Is  as  follows; 


x1jktm  " M + F1  + Cj(1)  + Dk  + va 


+ T*{k)  + F01k  + FVu  + FT1m(k)+DVkt 


+ FDV..  + VT  , + FDV  + pvt 

Ikt  un(k)  Ikt  Um(k) 


+ e 


(1  jktrn) 


! 


■I 
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PHASE  I - PART  C 


1.  Dependent  variables  to  be  measured  are  same  as  list  for  I.  B. 

2.  Factors  In  the  design: 

a.  Flrer  vehicle  (F^ , 1 • 1 ». .. ,4) 

b.  Crews  on  flrer  vehicle  (Cj*  J • 1*... ,5) 

c.  Course  (Dk,  k ■ 1 .... ,3) 

d.  Target  vehicle  (V.»  4 ■ 1,...,6) 

e.  Evasive  tactics  (Emi  m ■ 1,..,,3) 

There  will  be  1080  data  points  measured  for  each  dependent  variable. 

3.  Experimental  Design 

The  design  for  I.  C.  differs  from  that  for  I.  B.  In  that 
the  three  levels  of  evasive  tactics  replace  the  two  levels  of  acceleration/ 
deceleration  tactics,  and  tactics  are  not  nested  In  course. 


1 jkam 


M + f1  + Cj(1)  + °k  + \ * En,  ♦ F0,k  + "u 


+ FE1m  + DVia  + DEkm  + VE.  + DVE,  + FWL 

**  4m  kJtm  Iks, 


FDE,ta  + FVEUffl+™E 


Ikurn 


+ e(1jk4m) 
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CONSIDERATIONS  FOR  ANALYSIS 


Analyses  of  the  designs  are  accomplished  by  running  the  ANOVA 
as  a full  factorial  design  In  a standard  computer  program  (such  as 
SPSS)  and  manipulate  the  sum  of  squares.  An  example  will  Illustrate 
the  procedure. 

Consider  two  factors.  A at  4 levels  and  B at  5 levels  (2 
replications).  A full  factorial  design  would  produce  the  following; 


1.  X1Jk  * M + A,  + Bj  + *B,J  ♦ «k(1j) 


»1J 

£k(U) 


3 df 

4 df 
12  df 
20  df 


If  B were  nested  In  A,  the  design  Is: 


U.  + V 

B + e 

d(1)  k(lj) 

A1 

3 df 

BJ(1) 

16  df 

£k(1j) 

20  df 

Sum  of  squares  - equivalence: 

m Model  II 

Model  I 

V; 

■ SSB  + SS41l 

B AB 

12 


DESIGNS  FOR  CREW  CONSISTENCY 


1.  For  each  part  of  Phase  I In  the  survivability  test*  a sixth 
crew  trial  (which  Is  a duplicate  crew  from  one  of  the  original  five 
for  each  flrer  vehicle)  Is  currently  proposed. 

2.  The  designs  for  this  analysis  are  the  same  as  for  the  primary 
experiment  for  each  part*  except  that  the  degrees  of  freedom  for  crews 
and  for  error  are  reduced. 

3.  Because  of  the  reduction  in  available  degrees  of  freedom* 
the  power  of  the  fixed  effect  factor  tests  Is  substantially  reduced. 
This  presents  no  real  problem*  however*  since  the  objective  of  these 
designs  Is  to  measure  the  crew  difference  effect. 


EVALUATION  OF  AIM  POINT  DEFINITION 


In  conjunction  with  Phase  I,  Part  A,  It  Is  currently  proposed 
that  the  Twister  vehicle  will  be  run  over  one  course  at  two  speeds 
without  a clearly  defined  aim  point.  The  design  for  this  run  Is  as 
follows: 


M + F, 

1 


+ FS 

U 


+ e 


1km 


One  of  the  original  crews  will  be  replicated  yielding  two  data 
points  for  each  flrer  vehicle  to  give  a very  rough  estimate  of  crew 
variability. 


I 


n 


w?.  wm r-  u 


ANALYSIS  OF  VARIANCE 
USING 

STATISTICAL  PACKAGE  FOR  THE  SOCIAL  SCIENCES  (SPSS) 


SPSS  Is  a collection  of  statistical  routines  to  assist  In 
data  analysis.  The  program  and  sample  output  given  In  Attach- 
ments 3 and  4,  respectively,  were  run  for  a sample  data  deck  of 
X and  Y miss  distances  made  up  for  Phase  I - Part  A of  the  STAGS 
Survivability  Test. 

The  output  of  the  ANOVA  In  Attachment  4 Is  for  X miss  dis- 
tance. It  runs  a full  factorial  on  the  four  factors  of  flrer 
vehicle,  course,  speed,  and  crew.  The  full  factorial  analysis 
Is  then  manipulated  Into  the  split-plot  design  as  described  In 
the  ANOVA  Proposed  Analytical  Plan  section  of  the  STAGS  Progress 
Report  by  Parry  and  Selvl telle  dated  6 August  1975.  A full  dis- 
cussion of  the  complete  SPSS  package  Is  given  In  the  following: 

Statistical  Package  for  the  Social  Sciences,  Nle,  Hull, 
Jenkins,  Stelnbrenner,  and  Bent;  2nd  Edition,  McGraw 
Hill,  1975. 

The  SPSS  package  may  be  run  on  the  CDC  6500  computer 
at  Fort  Leavenworth  under  Release  6.0. 


NOTE: 


The  point  of  contact  Is: 

Ms  Cindy  Parker 
AUTOVON:  552-3121/4951 
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.OVA  FuR  STAGS  UST 


(LRcATIUN  DATE  ■ 06/12/75  ) ANUVA  FOR  PHASE  1 PART  A 


i 

f, 

■ *' 

Jr 

f 


<t  <>  if  i>  0 

<i  <<  <>  «f  A 

NALYSIS  OF  V 

A R I 

A N C 

E e * $ 

* * 

• XDEV 

X-DI STANCE  OF  ROUND  FROM  AIM 

-POINT  - MIL 

PY  FIREK 

FIRER  DEFENDER  VEHICLE 

- 4 LEVELS 

COURSE 

TARGET  COURSE  -DIRECTION  OF 

HEADING  - 3 

SPFFD 

TARGET  VEHICLE  SPEED  - 

4 LEVELS 

CPlW 

CRFW  LiF  FIRIR  VEHICLE 

- 6 LEVELS 

- 6TH  I 

<i  t 6 & <> 

» * * 

0 <■  «t 

* * * * 

* » 

SUM  OF 

MEAN 

SIGN!' 

JURCC  -F  VARIATIuN 

SQUARES 

DP 

SQUARE 

F 

OF  ! 

^ IN  e tF  ECTi 

932.636 

12 

77  .736 

13.760 

. OC  ] 

FIRFk 

797. 954 

3 

265  .985 

47  .083 

.00' 

CCUFiifi 

15.570 

2 

r.7B5 

1 .378 

.25 

SPufO 

30.343 

3 

10.114 

1 .790 

.15 

CREW 

69,96° 

4 

22  .242 

3.937 

.00' 

-WAY  INTERACTIONS 

401.329 

53 

7 .572 

1 .340 

.12 

F I K F K 

Clll!R  56 

75.610 

6 

12  .602 

2.231 

.04' 

F IK ER 

SPEED 

55.175 

9 

6.131 

1 .085 

.36- 

PIKER 

CREW 

76.612 

12 

b .384 

1.130 

.351 

CjRSE 

SPEED 

19.645 

6 

3 .106 

.550 

.99 

tCcRSE 

CsfcW 

63,972 

6 

7 .984 

1 .413 

.20 

SPLEu 

CREW 

111.414 

12 

9.2e5 

1 .643 

,0V 

-WAY  INTERACTIONS 

565,795 

102 

5 .547 

.962 

.99- 

F I r.  F h 

Cuur  se 

SPEED  92 » 5o5 

lb 

5.144 

.910 

.99 

F IkFk 

course 

CRcW  170.351 

24 

7 .098 

1 .256 

.22 

F IKFR 

SPEC  n 

CREW  167.990 

36 

4 .664 

.826 

.99 

COURSE 

SPELD 

CREW  134.969 

24 

5 .624 

.995 

.99 

cSl DUAL 

4U6.751 

72 

5 .649 

uTAL 

2306.711 

23y 

9.652 

2ofl  CASES  WERE  PROCESSED. 

*8  CASES  ( lh. 7 PC T ) WERE  MISSING, 
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r I Lt  X YDFV  (CPtATILN  DATE  « Od/12/ ) ANUV  A FOR  PHASE  1 PART  A 


* * * MULTIPLE 
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T AisGtT  VEHICLE 
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4.  KEAN  VALUE  DIFFERENTIAL  ANALYSIS  • | 


PURPQSi? 

To  describe  end  fully  document  the  Mean  Value  Differential  Analysis 
(MVDA)  computer  program  developed  for  US  Army  Armor  and  Engineer  Board. 


OVERVIEW; 

1 . The  purpose  of  the  MVDA  program  1 s to  compute  the  Grand 
Mean  and  submeans  (as  well  as  submean  differentials  from  the  Grand 
Mean)  of  data  from  an  experiment  of  up  to  five  factors.  The  current 
program  will  handle  up  to  six  treatment  levels  per  factor,  but  this 
restriction  Is  easily  relaxieT  through  modification  of  the  dimension 
statements. 

A primary  use  of  the  MVDA  program  Is  to  facilitate  the 
preparation  of  graphical  displays  of  the  treatment  level  mean  value 
differentials  for  factor  main  effects  and  all  Interactions  up  to 
fourth  order  (If  desired).  It  Is  Intended  as  a supplementary  pro- 
gram to  be  used  after  Analysis  of  Variance  (ANOVA)  has  Indicated  the 
significant  factors  and  interactions  of  Interest, 

3.  The  MVDA  program  will  give  significant  Insights  Into  the 
particular  treatment  levels  causing  the  variations  leading  to  sig- 
nificance conclusions  In  the  ANOVA. 


COMPUTER  PROGRAM  AND  OUTPUT; 

1.  The  computer  program  (see  Attachment  5)  has  been  written 
such  that  all  Input  requirements  are  documented  within  the  program. 
It  Is  essential  that  the  user  understand  FORTRAN  Format  statements 
to  utilize  the  program. 
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2.  The  program  Is  currently  written  for  IBM  FORTRAN  in 

that  five  and  four  dimensional  arrays  are  used.  In  case  it  becomes 
necessary  to  execute  the  program  under  a FORTRAN  compiler  accepting 
no  greater  than  three  dimensional  arrays  (e.g. , CDC  FORTRAN)  the 
arrays  wl  1 1 requireapproprl  ate  1 1 near! zatl on. 

3.  The  Input  to  MVDA  consists  of  the  following: 

a.  The  highest  level  of  interaction  terms  desired  (should  be 
one  less  than  the  total  number  of  factors  - Card  0010). 

b.  The  number  of  treatment  levels  of  each  factor  (assuring 
that  a one  (1)  Is  Input  for  unused  factors  - less  than  five  - Card 
0012). 


c.  Alphabetic  description  of  factors  (four  letters  per  factor  - 
Card  0014). 

d.  Dependent  variable  data  In  the  formats  Indicated  by  Format 
Cards  1010,  1020,  1030,  1040,  1050. 

e.  Cases  to  be  run  - (see  Conment  Cards  after  Card  0052  In 
the  program). 

4.  The  output  of  the  MVDA  program  Is  Illustrated  In  Attachment 
6 for  a sample  data  deck  made  up  for  the  Root  Sum  of  Squares  (RSS) 
of  X-Y  miss  distance  (meters)  for  Phase  I - Part  A of  the  Survivability 
subtest  of  the  STAGS  experiment  (four  constant  speeds,  three  courses). 
The  Grand  Mean  of  4.961  Indicates  that  the  overall  RSS  miss  distance 
was  4.961  meters.  The  main  effect  specified  as  Input  was  flrer  vehicle 
(FIRE).  Note  that  Vehicles  1,  2,  and  3 were  all  above  the  Grand  Mean 
In  performance,  whereas  Vehicle  4 did  substantially  better  (an  RSS 
miss  distance  of  0.857  which  was  4.105  below  the  Grand  Mean,  Indicated 
by  a minus  sign  under  "Differential  from  Grand  Mean"). 

To  continue  the  example,  note  that  Flrer  Vehicle  3 (whoso  over- 
all RSS  miss  distance  was  7.100)  did  substantially  worse  on  Course  3 
(11.341).  Note  that  the  average  of  11.341  + 5.952  + 4.006  for  Flrer 
Vehicle  3 over  all  courses  equals  7.100,  the  average  over  all  treat- 
ment levels  for  Flrer  Vehicle  3. 

Continuing  the  example  to  the  third  order  Interaction  terms,  ' 
note  that  Flrer  Vehicle  3 performance  on  Course  3 was  worse  at  Speeds 
1,  3,  and  4 than  at  Speed  2 (although  not  significantly  different). 

Note  that  the  average  of  11.835  + 9.848  + 11.523  + 12.157  Is  11.341 
(from  Firer  Vehicle  3,  Course  3 In  the  Second  Order  Terms  table).  It 
should  be  noted  that  the  data  presented  In  the  Third  Order  Terms  Is 
averaged  over  the  five  crews  on  the  flrer  vehicles. 
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S.  Another  output  of  the  MV DA  program  for  the  same  data  Is 
given  In  Attachment  7.  Note  that  the  roles  of  Crews  and  Speed  have 
been  Interchanged*  giving  Insight  as  to  how  the  Crew  Factor  affects 
the  Flrer  - Course  interaction*  For  example*  Crew  4 did  the  best 
overall  speeds  for  Flrer  Vehicle  3*  Course  3t  while  Crew  1 did  the 
worst  (8.521  vs.  13.965  under  the  Submean  column). 
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ATTACHMENT  5 


MEAN  VALUE  DIFFERENTIAL  ANALYSIS  PROGRAM  LISTING 
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ATTACHMENT  6 

MEAN  VALUE  DIFFERENTIAL  ANALYSIS  OUTPUT  EXAMPLE 
FIRER  - COURSE  - SPEED  - CREW 


ANALYSIS  OF  ORDERED  FACTORS—  FIRE  CRSE  SPED  CREW 


GRAND  MEAN  ■ 


4.961 


MAIN  EFFECT  FACTOR—  FIRE 


LEVEL 

DIFFERENTIAL  FROM 

GRAND  MEAN 

SUB-MEAN 

1 

1.199 

6.160 

2 

0.768 

5.729 

3 

2.138 

7 , 1 OO  / 

4 

-4.  105 

O.B57  . 

SECOND  ORDER  TERMS—  FIRE 

CRSE 

LEVEL 

1 EVEL  D 

IFFERENTI AL 

L.factqr_ 

.1) 1 FACTOR  21  _ _ FRQM  GRAND  MEAN 

SUB-MEAN  .....  . 

1 

1 

1.489 

6,45.0 

1 

2 

-0.456 

4.505 

1 

3 .. 

2.564 

7,525 

2 

1 

-1.443 

3.519 

2 

2 

-0.279 

4.683 

2 

3 

4.025 

8.987 

3 

1_  . ...... 

...  ^fij.955. 

4,006 

3 

2 

0.991 

5.952 

3 

3 

6.379 

11.341 

4 

1 

-4.007 

0.955 

4 

2 

-4.108 

0,854 

4 

3 

-4.200 

0.762 

nnnv  ft  yin  •*  i-  CCL  >u  ‘ 

Shwu 


37 


ATTACHMENT  7 


EXAMPLE 


i 

1 

i\ 


FIRER  - COURSE  - CREW  - SPEED 


vl 

ll 


ANALYSIS  OF  ORDERED  FACTOR  S—  FIRE  CRSE  CREW  SPED 


GRAND  MEAN 


4.961 


MAIN  EFFECT  FACTOR—  FIRE 

LEVEL  DIFFERENTIAL  FROM  GRAND  MEAN  SUB-MEAN 

1 1.199  6.160 

2 Q.768  5.729 

3 2.136  7.100 

4 -4.105 . 0..637  .... 


SECOND  OROER  TERMS-* 


FIRE  CRSE 


LEVEL  LEVEL  DIFFERENTIAL 

(FACTOR  1)  (FACTOR  2)  FROM  GRAND  Mj 

1 1 1.4A9 

I 2 -0.456 

1 3 ..2_»  ?_§4 

2 1 -1.443 


6.430 

4.505 

JUM5— 

3.319 


~ (?»Iyob 


1) 


1 

1 

1 

1 

*T* 

l 

l 

l 

r 

i 

T“ 

l 

l 

1 
1 

2 

2 ‘ 

2 


2 

2 

2 


TERM  s~ 

FIRE  CRSE 

CREW.  

LEVEL 

_ .LiVlk 

DIFFERENTIAL 

(FACTO* 

IT  i FACTOR 

3)  FROM  GRAND  MEAN 

SUB-MEAN 

1“— 1 ’ 

" 2i432 

7.394  i 

1 

2 

0.485 

5.446 

1 

3 

2.292 

7.254  , 

1 

4 

0.690 

5.651 

1 

3 

— nro — 

6»  506 

2 

l 

-0.017 

4.945 

2 - 

2 

-iTorr' 

3.000 

2 

3 

-0.395 

4.566 

2 

4 

-1.656 

37905 

2 

5 

0.260 

5.230  1 

: i 


3 

T 

3 

3 

1 

r 

i 

i 

1 

2 


J 

3 

A 

r 

i 

~7~ 

3 

V 

5 

i 


4.934 


2.408 

0.477 

OT 


•0.782 

T7FTT 

■0.730 

T721T 


9.095 
7.370 
5.430 
3.91)  7 
4.180 

Trrcr 

4.232 

17735 


-1.050 

0.733 


3.103 

37596 


■i 


i ; 


l-i 


41 


«n  cm  cm  cm  cm  cm  cMcMNmnmwinwmmmo 


'Hill?  ;Cf-« 


- ; •■ , 

*•  - * r * r*  r.  J "C  ••  •; . .! 

2 

2 

-Ot 134 

4,827 

2 _ 

3 

-0.174 

4.787 

2 

4 

-0.239 

4.722 

l 

5 

..  -1.5.81  

.3.380  . 

3 

1 

6.833 

11*817 

.X. 

. ..  3*443  

- 8*404 

3 

3*506 

8.467 

I 

4. 

2-494  . 

7.44% 

3 

3.330 

8.291 

1 

1 

-1.492 

3*469 

1 

2 

-1.790 

3.172 

1 

3 

-1.60Q  _ 

. „a.J6L. 

1 

4 

-0.941 

4.021 

L.Q44 

4*007  _ 

2 



1 

1.146 

6.108 

2 

2 

l .9  39 

....  6.901 

2 

3 

1.408 

6.370 

2 

4 

-0.126 

....  4*836- 

2 

3 

0.387 

3.548 
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5.  STRING  STATISTICS  PROGRAM 


The  coinput® r program  listed  In  Attachment  6 accepts  as 
Input  a string  of  numbers  (positive  or  negative)  and  a single 
number*  ASPLIT.  The  string  of  numbers  Is  divided  Into  two 
groups  as  follows: 

Group  1:  All  Input  numbers  less  than  ASPLIT. 

Group  2:  All  Input  numbers  greater  than  or  equal  to  ASPLIT. 

The  output  of  the  program  (sea  Attachment  9)  consists  of 
the  mean,  variance,  and  standard  deviation  of  the  total  string, 
absolute  value  of  numbers  In  the  total  string,  Group  1,  and 
Group  2.  In  addition,  a.couHter.ls  provided  of  the  number  In 
each  category. 

The  primary  usefulness  of  the  program  for  USAARENBD  Is  to 
provide  Initial  Insights  Into  the  nature  of  data  gathered  from 
an  experiment.  The  sample  output  In  Attachment  9 represents 
288  data  points  on  X-mlss  distance  example  deck.  The  value  of 
ASPLIT  was  0 for  the  example. 


NOTE:  The  program  Is  currently  written  In  FC  AN  formatted 

for  the  CDC  6000  series  computer. 
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ATTACHMENT  8 

STattO  STATISTICS  PROGRAM  LISTING 


■ i** . 
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PRuGRAM  STASTA  (INPUT  ,UUTPJT, TAPES* INPUT  ,T A Pfc6* OUTPUT ) 

PROGRAM  STKING-S1AT ICTICS 

. TH 1 ^ PROGRAM  ACCEPTS  AS  INPUT  A STRING  CF  REAL  NUMBERS  (UP  TO  2 OOO-CURR ENTl Y 
L " (ADJUST  1000  FORMAT  IN  ACCORDANCE  WITH  DATA  LOCATION  ON  CARD). 

. THt  STRING  IS  DIVIDED  INTO  TWO  GROUPS* 
v " ASPLIT  • THE  BASE  NUMBER  USEO  FOR  THE  SPLIT, 
v.  * GROUP  1 ARE  ALL  NUMBERS  LESS  THAN  ASPLIT  * 

S.  ' 'GROUP  2 ARE  ALL  NUMBERS  GREATER  THAN  OR  EQUAL  TO  ASPLIT. 

W 

C OUTPUT  IS  AS  FOLLOWS* 

w 1.  MFAM. VARIANCE. STANDARD  0EV1 AT  I ON , AN D TOTAL  NUMBER  FOR  GROUP  1. 

2.  5AME  AS  1.  FOR  GROUP  2. 
v 3.  SAME  AS  1.  FOR  OVERALL  INPUT  STRING. 

A.  SAME_AS  {.  FUR_ ABSOLUTE  VALUE  UF  INPUT  STRING. 


WRITTEN  BY  SAM  PARRY,  ARHOR  BOARD,  FORT  KNOX,  2B  JULY  lfc?S 

w 

D I MENS 1 C.N  A IN  (2  COO  ). 

J INITIALIZATIONS. 

1*1 

ATLT-O. 

ATSQ-O. 

POSTUT-O.’ 

P04SQ-0  ...... 

NPO  S«G 
WNfc  G"0 
3NtGT»0  . 
t>Nfc  GSQ»  C ♦ 

ABSTUT « C • 

'INPUT  STRING-  LAST  DATA  CARD  MUST  BE  999999999 . 

KFA0I5,  1030  ) ASP  L IT  

1050  FOI<MmT( F10.0)  

50  CONTINUE  * 

HEAD ( 5 , 1000  ) AIN  1 1 ) 

luOU  FORMAT ( 20X,F10.0) 

1 F ( A I N ( I ) .EQ  .999999999 . ) GOT 0500 
ATuT-ATCT  ♦ AIN ( l ) 

aTSQ“ATSW  ♦ (AIN(I)«*2)  

APSTOT-ABSTUT  ♦ APS(AIN<m 

IF (A  INI  1)  .LT. ASPLIT  JG0T0100 
POSTOT  • PdST-OT  ♦ AIN  (I) 

POS  S J«P  f)SS«3  ♦ ( AI N ( I ) **2  ) 
wPoS*NP05  + 1 

1*1 +1  _ 

GOT 050  ‘ 

100  CONTINUE 

BNkGT *BNkGT  ♦ AINU  ) 

BNEGSO*  BNEGSQ  ♦ (A1MI)**2)  __ 

45 


•«NkG«NNEG  ♦ 1 
1-1*1 
GPTC50 

500  continue 


l-I-l 

AMc AN-A7UT/  [ 

AVAP«UTaC/J>  - (AMEAN»*2) 

FPMEAN-  PJSTOT/NPLS 
PPVARMPUSSQ/NPOS)  - (PPMEAN»*2> 
UNK£AN«EnEGT/NN  EG 
bNVARMBuEGSO/NNEG)  - (BNHEAN**2) 
ABiMls»A65TUT/I 

ABSVAR* (AT5Q/I ) - <ABSMN**2) 
ASTO*$GRT (AVAR ) 

PP$TO*$CRT(PPVAR) 


cNiTU-JCKTiPUVAR) 

A*SSTD*SURT (ABSVAR) 
wfUTE(6,2000)A$PlJT 

2000  FPkMAT(1H1 , 2QX, "MEAN-VARIANCE  ANALYSIS  CP  INPUT  $TR  ING"  , 
•>X,"A$PLIT  • ", F12.4,////20X, 

I "Nu » OP  CASES  KEAN  VARIANCE  STANDARO  DEVIATION") 

WRITE  16, 2100)1, A MEAN, AVAR, ASTD 
2 100  FPKMATI /IX,  "TOTAL  STRINC" , UX , I A , 8X  , 3 ( E 12 ,4  , IX  ) ) 
wlLTi;  (to  ,*OaO  ) I , ALSMA  , ABSVAR  , AB5  STD 


2050  F 


2*00  FORMAT ( /IX, "GROUP  2 
STOP 


-TOTAL" , 7X,I4,8X,3(E12«AilX)  ) 
D 

, UX , 3 ( E 1 2 .4 , 1 X ) ) 
TD 

, ttX  , 3 ( Ei  2 .4 , 1 X ) ) 


LNu 
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6.  ANALYSIS  OF  APPARENT  ACCELERATION  AND  APPARENT  VELOCITY 
OF  A MOVING  TARGET  (Part  I) 


Determine  the  sensitivity  of  apparent  acceleration  to  the 
tracking  vehicle  In  near  and  far  range  uses  for  a moving  target 
vehicle. 


) 


a.  An  analytical  formulation  of  the  problem  was  Investigated. 
An  attempt  was  made  to  express  e,  the  angle  from  the  tracking 
vehicle  to  tho  target.  In  Polar  coordinate  form  as  a function  of 

Sie  target's  acceleration,  initial  position,  and  time  given  in 
irteslan  (X,  Y)  coordinate  form.  Tim  second  derivative  of  e 
with  respect  to  time  Is  the  apparent  acceleration  (expressed  in 
radians/second  squared)  of  the  target  relative  to  the  tracking 
vehicle. 

This  approach  yielded  a rather  "messy"  formulation  of  the 
apparent  acceleration,  om  which  would  require  additional  work 
to  solve. 

b.  The  approach  used  to  generate  the  results  was  to 
deslgg  a computer  program  which  generates  the  value  of  e,  &e, 


Tir llfeMi!  ■ill'll.  < III4  ■ ■•I 


target.  The  current  program  Is  capable  of  generating  results  for 
any  target  movement  speed,  acceleration,  deceleration  combinations 


lvurfl  !•  T*  ■OiJiI'L  Mi**  umiil 


specified  starting  point  In  the  X-dlrectlon. 


NOTE! 


The  program  represents  all  target  vehicles  as  moving  with 
a constant  Y-dlstance  from  the  tracking  vehicle  (flank). 
Other  target  vehicle  movement  directions  (such  as  oblique, 
slnusodlal,  etc.)  can  be  represented  by  determining  the 
equivalent  values  of  Q for  the  crossing  course  and  adjusting 
the  speeds  and  acceleration  Inputs  appropriately.  An 
example  of  the  equivalence  Is  shown  In  Figure  1.  Note 


that  by  appropriate  Inputs  of  acceleration  and  starting 
position  on  the  crossing  course,  the  oblique  course  Is 
e xectly  represented  n 1&  rglatfi  & 


Apparent  acceleration  and  apparent  velocity  analytes  conducted 
to  date  are  presented  In  Exhibits  1 thru  12  attached.  These  cases 
ere  briefly  described  below. 

a.  Exhibits  1 thru  4 describe  the  apparent  acceleration 
(apparent  velocity  described  in  Exhibits  1A  thru  4A1  for  an 
acceleration  In  the  X direction  of  one  me ter/ second2.  Each 
exhibit  presents  the  results  of  apparent  acceleration  (velocity) 
versus  time  for  five  ranges  (500,  1000,  2000,  3000,  and  4000 
maters  In  the  Y direction)  for  a specified  target  starting  point. 

Four  target  starting  points  form  the  basis  for  each 

exhibit: 

1)  Start  to  the  extrema  left  of  the  tracking  vehicle, 

2)  Start  such  that  the  target  vehicle  crosses  X ■ 0 
at  the  mid-point  of  his  movement, 

*3)  Start  at  X « 0 and  move  right, 

4)  Start  to  the  extrema  right  of  the  tracking  vehicle. 

Each  of  the  runs  mad*  for  Exhibits  1 thru  8 was 

terminated  when  the  target  vehicle  reached  a maximum 

velocity#  VMAX,  specified  by  Input  to  the  program  for 

each  case. 

b.  Exhibits  5 thru  8 present  apparent  acceleration  results 
analogous  to  Exhibits  1 thru  4 except  that  the  target  vehicle  Is 
accelerating  In  the  X direction  at  two  nm tars/second*.  (No  apparent 
speed  curves  are  presented  for  these  cases). 

s.  Exhibit  9 presents  a description  of  apparent  acceleration 
versus  time  for  three  accelerations  of  the  target  vehicle  (one, 
two,  and  four  meters  per  second2}  at  a Y-range  of  3000  meters. 

d.  Exhibit  10  presents  an  analogous  description  to  Exhibit 
9 for  a Y-range  of  1000  meters. 

e.  Exhibits  11  (for  apparent  acceleration)  and  12  (for 
apparent  velocity)  present  the  acceleration  (or  velocity)  versus 
time  for  the  following  cases  at  a Y-range  of  2000  meters  and  a 
crossing  target  pattern  analogous  to  Exhibit  2: 

\ 
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(1)  Accelerate  »t  two  meters/second2  from  an  Initial  velocity 
of  zoro  to  32  meters/second  and  maintain  a 32  matar/aacond  constant 
valoclty  for  the  duration  of  tha  SO  sacond  runt 

(2)  Start  at  and  maintain  a constant  velocity  of  2S  meters/ 
sacond  for  tha  SO  sacond  runt 

(3)  Start  at  an  Initial  valoclty  of  10  matart/ second, 
accelerating  at  2 meters/second  for  5 seconds,  than  decelerating 
at  2 meters/second  for  5 seconds,  and  continuing  this  pattern  for 
SO  seconds* 

4.  Sffiil 

a.  Ho  attempt  Us  bean  made  by  tha  writers  to  draw  any 
conclusions  from  tha  analyses  presented  herein. 

b.  Additional  analyses  will  require  specifications  of  the 
Interaction  of  apparent  acceleration  and  velocity  of  the  taraet 
vehicle  to  the  tracking  vehicle  with  other  factors  contributing  to 
probability  of  hit  (and  ultimately  to  survivability)  of  the  target 
vehicle. 
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7.  ANALYSIS  OF  APPARENT__ACCFL£RAT10N  AND  APPARENT  VELOCITY 
Of  A MOVING  TARGET  (Part  II) 


The  analyses  presented  In  this  paper  represent  a substantial 
extension  of  the  cases  considered  In  the  Initial  report  dated 
24  July  1975.  The  current  version  of  the  program  to  compute  apparent 
acceleration  and  velocity  (hereafter  referred  to  a*  PAPA)  Is  capable 
of  representing  a moving  target  In  the  following  modes  (see  Section 
III  for  a complete  description  of  PAPA). 

1.  The  target  may  move  at  any  speedt  accelerating  and  decel- 
e rating  In  any  specified  manner  along  the  movement  trace. 

2.  The  target  can  move  along  a straight  line  path  In  any 
direction  relative  to  the  flrer. 

3.  The  target  can  move  along  a slnusodlal  path  oriented  In 
any  direction,  with  the  capability  of  changing  the  amplitude  for  each 
full  period  of  the  sine  wave. 

4.  The  target  can  move  In  three  dimensions  (straight  line  In 
the  X-Y  plane)  varying  the  helghth  In  any  specified  manner  along  the 
movement  trace.  This  model  Is  well  suited  to  representing  aerial 
vehicle  movement. 

Over  sixty  production  runs  were  made  for  the  current  study. 

Only  a few  selected  runs  are  graphically  portrayed  In  Section  II. B. 
These  runs  were  selected  to  Indicate  the  magnitude  of  the  differences 
in  apparent  acceleration  and  velocity  for  various  courses,  speeds, 
and  tactics.  A table  Indicating  all  of  the  production  runs  made  Is 
given  in  Section  II. A. 

In  general,  cases  ware  selected  to  Indicate  the  effects  of 
target  speeds  and  accelerations  for  specified  courses  and  movement 
patterns  (Figures  1 - 7 In  Section  II.B.)  Next,  cases  were  selected 
to  Indicate  the  effects  of  target  movement  patterns  for  specified 
courses  and  target  speeds  (Figures  8 - 13  In  Section  II.B.) 
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1.  As  of  this  time,  no  actual  tracking  data  has  baan  racelvtd, 
although  I should  ba  racalvlng  some  In  tha  naar  future.  Note,  however, 
that  tracking  data  (from  HEl)  Is  basad  on  constant  spaed,  straight 
line  targets,  which  present  minimal  tracking  problems  relative  to 
apparent  acceleration  and  velocity.  In  general,  I question  whether 

or  not  tracking  data  obtained  on  the  ranges  for  constant  speed,  straight 
line  targets  Indicate  realistic  tracking  performance  for  combat  situa- 
tions. 

2.  The  following  observations  are  made  relative  to  Figures  1 - 7 
In  Section  II. B.  (with  target  spaed  and  acceleration  as  the  variable  on 
each  graph). 

NOTE:  The  reader  should  be  careful  to  note  that  the  vertical 

scales  for  each  graph  differ  significantly  In  winy  cases. 

a.  The  general  shape  of  the  curves  are  the  same  for  2,500 
and  1,000  meter  flank  view  (as  expected).  Two  primary  differences  are 
noted: 

(1)  The  maximum  (and  minimum)  values  are  2:1  for  1,000  ys 
2,500  meter  range,  straight  line  route  and  3:1  for  slnusodlel  pattern. 

(2)  The  changes  from  accelerating  to  decelerating  (and 
vice  versa)  are  more  abrupt  for  the  closer  ranges. 

NOTE:  As  always,  we  are  faced  with  the  decision  as  to  what 

magnitude  of  change  Is  significant.  I am  hopeful  that 
the  STAGS  Test  will  provide  data  to  shed  light  on  this 
problem.  I have  covered  this  point  later  and  also  In 
my  proposal  for  future  v<ork. 

b.  The  slnusodlal  pattern  results  In  very  changeable 
apparent  acceleration  curves,  even  for  constant  speed  targets  (see 
Figures  4A  and  5A).  The  associated  apparent  velocity  curves,  especially 
for  the  closer  range  case,  would  appear  to  present  a severe  tracking 
problem.  Note,  from  Figure  5A,  that  the  target  movement  pattern 
(slnusodlal)  causes  large  changes  In  apparent  acceleration.  The  effect 
of  the  faster  speed  compresses  the  curve,  but  even  M60  speed  (Case  2B) 
may  present  a significant  tracking  problem. 
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c.  Consider  the  head-on  case  In  Figures  6A  and  6V. 
First,  note  that  PAPA  determines  and  prints  out  each  time  the 
turret  changes  directions  (see  Figure  6V  and  the  sample  output 
In  Section  III^.  It.  appears  to  me  that  the  flrer  would  have  a 
very  difficult  time  tracking  tfii faster  vehicle,  especially  con- 
sidering the  frequency  with  which  the  turret  must  pass  through 
the  zero  point  (every  5 seconds  against  the  fast  A/0  vehicle). 

3.  The  following  observations  are  made  relative  to 
Figures  8 - 13  In  Section  II. B.  (with  target  movement  pattern  as 
the  variable  on  each  graph). 

a.  The  slnusodlal  pattern  In  Figure  8A  (2,500  meters  - 
flank  for  the  M60)  Indicates  a somewhat  more  difficult  target  to 
track.  We  must  keep  In  mind,  however,  that  all  of  the  curves 
represent  tracking  required  to  stay  on  the  target  100  percent  of 
the  time.  This  fact  brings  up  a very  Important  (and  unanswered) 
question:  How  much  degradation  In  probability  of  hit  results  as 

a function  of  the  percentage  of  time  the  tracker  Is  actually  laying 
on  the  target  during  the  tracking  period?  Also,  when  will  the 
gunner  cease  to  track  and  employ  ambush  tactics,  and  what  Is  the 
resulting  degradation  In  hitting  performance? 

b.  The  slnusodlal  pattern  In  Figures  10A  and  11A 
Indicate  the  order  of  magnitude  Increase  In  apparent  acceleration 
from  a fast  target  that  is  maneuvering.  This  concept  Is  obvious, 
but  the  order  of  magnitude  difference  was  not  obvious  (at  least 
to  the  writer). 

c.  In  n\y  opinion,  the  futility  of  obtaining  tracking 
data  (at  least  as  regards  apparent  acceleration  and  velocity)  only 
for  constant  speed,  straight  line  targets  Is  vividly  Illustrated 
In  Figures  12A,  12V,  13A,  and  13V.  Note  the  Impact  on  apparent 
acceleration  for  a target  moving  In  a slnusodlal  vs,  straight  line 
pattern  for  a constant  speed  target  of  15  meters/second. 


PROGRAM  APPLICATIONS  AND  FUTURE  STUDIES 


1.  Several  future  applications  for  PAPA,  especially  regard- 
ing the  STAGS  Test  data,  are  proposed  In  MFR,  SAM  H.  PARRY, 

27  August  1975. 
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2.  The  program  may  bo  useful  In  determining  design 
characteristics  for  future  turret  and  fire  control  systems. 

3.  The  program  can  be  used  In  conjunction  with  existing 
lead  angle  determination  programs  to  analyze  the*des1red  char- 
acteristics of  a lead- computer  In  the  fire  control  system. 

4.  The  Incorporation  of  Intervlslblllty  segment  length 
data  would  Indicate  the  amount  of  time  (and  distance)  a tracker 
would  have  available  for  tracking.  The  appropriate  segments  of 
the  apparent  acceleration  and  velocity  curves  could  be  used  to 
analyze  the  feasibility  of  maintaining  a reasonable  track  during 
the  segment. 

In  my  opinion,  this  paper  scarcely  scratches  the  surface  of 
determining  the  effects  of  apparent  acceleration  and  velocity  on 
survivability.  The  one  fact  that  seems  apparent,  however.  Is  that 
mobility  and  agility  must  have  a substantial  Impact  on  hitting 
performance.  The  utilization  of  PAPA,  In  conjunction  with  actual 
field  data  and  as  a potential  tool  for  tank  design  analysis,  seems 
to  be  Indicated  for  future  studies. 
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TABULATION  OF  COMPUTER  RUNS 
SECTION  II. A 


rowmi  ms&Lmmi  - (tactic) 

Cast  1:  Straight  Lina  Movement 

Casa  2:  Slnusodlal  Movamant  Path 

Casa  3:  Three-DI mansion* 1 Movamant  Path 


LETTERS  FOLLOWING  CASE  NUMBERS  - (COURSE) 

A,  AA,  AAA:  2500  Meters  - Flank  View 

B,  BB.  BBB:  1000  Meters  - Flank  View 

C,  CC,  CCC:  Straight-In  Route  - 1000  Maters  Offset  from  Flrer 

0,  LiD,  000:  Straight-1 n Route  - Directly  Toward  Flrer 

E,  EE,  EEE:  Oblique  Course  Relative  to  Flrer 


NUMBER  OF  LETTERS  FOLLOWING  CASE  NUMBERS  - (SPEED) 

Single  Letter:  Accelerates  at  1 Meter/Second2,  decelerates 

at  2 Metars/Second2 , with  speeds  from  2 to 
10  Meters/Second  (Simulates  M60  Tank). 

Double  Letter:  Accelerates  at  2 Meters/Second2,  decelerates 

at  3 Ms  tars/ Second2,  with  speeds  from  5 to 
25  Metars/Second  (Simulates  Highly  Mobile 
and  Agile  Vehicle). 

Triple  Letter:  Constant  Speed  of  15  Meters/Second. 
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STRAIGHT  LINE 
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SIHUS001AL  MOVEMENT  PATH  (PART  ?.) 
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apparent  acceleration 

AND 

APPARENT  VELOCITY 
GRAPHS 


SECTION  II. B 


NOTES  REGARDING  THE  GRAPHS 

1.  Figures  1A,  IV  through  7A,  7V,  Indicate  differences  due  to  target  speed 
and  acceleration  for  a specified  course  and  movement  pattern. 

2.  Figures  8A,  8V  through  13A,  13V,  Indicate  differences  due  to  target 
movement  pattern  for  a specified  course  and  target  speed,  acceleration. 

3.  All  figure  numbers  ending  with  "A"  era  for  apparent  acceleration  and 
those  ending  with  "V"  are  for  apparent  velocity. 

4.  For  apparent  velocity  curves,  positive  values  Indicate  turret  traversing 
to  the  right  and  negative  values  Indicate  turret  traversing  to  the  left. 

5.  Case  numbers  refer  to  the  table  In  Section  I I. A. 

6.  CAPTION  NOTATION  ON  THE  GRAPHS 

a.  Target  Speeds 
SLOW  A/D: 

Acceleratlon/Deceleratlon  constants  are  (+1,  -2)  meters/second*. 
Minimum  and  maximum  speeds  are  (2,  10)  meters/second. 

FAST  A/D:  , , . J 

Acceleratlon/Deceleratlon  constants  are  (+2,  -3)  meters/second*. 
Minimum  and  maximum  speeds  are  (5,  25)  meters/second. 

CONSTANT  SPEED: 

No  acceleratlon/deceleratlon 

Maintains  constant  speed  of  15  meters/second 

b.  Movement  Pattern: 

STRAIGHT  LINE: 

Start  and  end  points  of  the  move  et  Indicated  In  the  caption. 

' SINUSOQIAL  PATTERN:  (See  diagram  on  next  page) 

Amplitude:  35  meters 

Half  period  distance:  75  meters 
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SECTION  III. 


i 


DESCRIPTION  OF  LOGIC  AND  INPUT  REQUIREMENTS 
FOR  ANALYSIS  OF  APPARENT  ACCELERATION 
(PROGRAM  PAPA) 


The  computer  program  (PAPA)  which  computes  ao  (apparent 
velocity)  and  a2©  (apparent  acceleration),  Is  capable  of  com- 
puting these  values  for  the  following  cases  of  target  movement. 
Each  case  can  represent  the  target 


a.  at  any  X-Y  starting  position  with  any  initial  velocity, 

b.  accelerating/decelerating  during  the  movement  trace 
until  reaching  specified  maximum/minimum  velocities  or  reaching 
the  specified  final  position. 


NOTE:  A listing  of  the  program  Is  given  In  Attachment  10  and 

a sample  output  In  Attachment  11. 
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CASE  2: 


Slnusodlal  movement  patterns. 
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/ 

EXAMPLE  OF  SINUSODIAL  MOVEMENT 

% 

FIGURE  5 '• 


EXAMPLE  FOR  CASE  2 

Consider  the  example  In  Figure  5. 

The  equation  of  the  target  movement  trace  Is 
X*  ■ A sin  (y*) 

where 

X*  ■ the  X*  coordinate  translated  to  (XF,  YF)  and 
rotated  such  that  the  slnusodlal  axis  becomes  the  Y*  axis; 
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A 


I 
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A = amplitude  of  the  sine  wave, 

y*  ■ the  y*  coordinate  of  the  translated  and  rotated 
coordinate  system  (In  radians  relative  to  the  sine  wave). 


The  movement  path  alona  the  sine  wave  Is  generated  by 
dividing  2n  radians  (one  full  period)  Into  "small"  fixed 
Increment  angles,  represented  by  y*.  The  corresponding  rotated 
and  translated  coordinate  value  in  meters  Is  noted  by  Y*.  The 
shape  of  the  sine  wave  Is  determined  by  Inputs  of  AMP(J),  the 
amplitude  for  the  Jlil  period,  and  B,  the  distance  (meters) 
between  each  crossing  of  the  Y*  axis  (half-period  distance). 

For  each  fixed  Ay*  Interval,  the  (X*,  Y*)  position  on  the 
movement  path  Is  computed  using  a straight  line  pattern  from 
the  previous  point  on  the  sine  wave.  Thus,  a piecewise  linear 
movement  pattern  Is  fitted  to  the  actual  slnusodlal  pattern, 
but  the  values  of  o,  ag,  and  a1 2o  are  computed  from  points  on 
the  sine  curve.  The  approximation  may  be  made  as  close  as 
desired  by  selecting  "small"  Ay*  increments. 

The  Inputs  required  for  the  straight  line,  slnusodlal,  and 
three-dimensional  patterns  are  given  In  a subsequent  section. 


CASE  3 - THREE  DIMENSIONAL  PATTERN 


i 

i The  three-dimensional  movement  pattern  moves  the  target  on 

j a straight  line  path  In  the  X-Y  plane.  The  target's  movement 

In  the  Z direction  Is  controlled  through  Input  data  (defined  In 
the  next  section). 

! In  general,  the  X-Y  distance  between  Z helghth  changes  Is 

j fixed.  Note,  however,  that  the  helghth  at  each  change  point,  as 

j well  as  the  acceleratlon/deceleratlon  between  helghth  changes, 

may  vary  for  each  segment. 

1 The  values  of  ag  and  a2g  represent  the  appropriate  rates 

of  change  of  o In  three  dimensions  (as  opposed  to  the  change  In 
the  X Y plane  or  the  change  In  the  X Y - Z plane  only).  Thus, 
i ag  and  a2q  represent  the  total  apparent  acceleration  and  velocity 

values  relative  to  the  tracker. 
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NOTE:  The  THREED  routine  may  be  utilized  to  represent  an 

aerial  vehicle  as  well  as  a ground  target  movement 
trace. 


INPUT  REQUIREMENTS  FOR  PAPA 


A.  Straight  line  movement  (Subroutine  STRAIT). 


1.  (XI,  YI):  the  target's  initial  position  (meters). 


2. 

(XF, 

YF):  the  target's  final  position  (meters). 

3. 

VI: 

initial  velocity  of  target  at  (XI,  YI) 
(meters/second). 

4. 

AA: 

acceleration  (meters/second2)  when  target  Is 
accelerating. 

5. 

AD: 

deceleration  (meters/second2)  when  target  Is 
decelerating. 

6. 

( VMIN,  VMAX) : minimum  and  maximum  velocity  of  the 
target  during  the  movement  trace. 

7. 

TINC : 

the  time  Increment  used  for  computation  of 
apparent  acceleration  and  velocity. 

B.  Slnusodlal  movement  (subroutine  S I NMOV ) . 

1.  (XI,  YI):  the  target's  Initial  position  (meters). 

2.  (XF,  YF):  the  target’s  final  position  (meters). 

3.  AMP(J):  the  amplitude  of  the  sine  wave  (meters)  for 

the  JlH  period. 

4.  B:  the  distance  (In  meters)  between  each  crossing  of 

the  Y*  axis  (see  Figure  5). 

5.  VI:  the  Initial  velocity  of  the  target  at  XI,  YI 

(meters/second). 
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6.  AA:  the  acceleration  (meters/second2)  when  target 

Is  accelerating. 

7.  AO:  the  deceleration  (meters/second2)  when  target 

Is  decelerating. 

8.  ANGD:  the  value  (In  radians  (0  - n))  at  which  the 

target  will  begin  decelerating  (points  1 In 
Figure  5). 

9.  ANGA:  the  value  (In  radians  (0  - n))  at  which  the 

target  will  begin  accelerating  (points  2 In 
Figure  5). 


Values  such  as  ANGD  - - and  ANGA  « j might  be 
appropriate,  depend1ngJon  AMP(J),  B;  and  V.  These 
values  would  begin  slowing  the  target  for  the  turn 
about  two-thirds  of  the  way  to  the  peak  of  the  curve 
and  begin  acceleration  at  the  peak  of  the  curve. 


10.  IANG:  the  fixed  Increment  for  computing  target  move- 

ment (number  of  increments  per  2 n period). 

11.  NPER:  number  of  periods  In  the  movement  pattern. 


NOTE:  The  distance  between  the  Inputs 

(XI,  YI)  and  (XF,  YF)  must  equal 
2 • B • NPER. 

12.  (VMIN,  VMAX):  the  minimum  and  maximum  velocity  of  the 

target  during  the  movement  trace 
(meters/second) . 


C.  Three-dimensional  movement  (Subroutine  THREED). 

1.  (XI,  YI,  ZI):  the  target's  initial  position  (meters). 

2.  (XF,  YF,  ZF):  the  target's  final  position  (meters). 


j 


v 


3.  VI:  initial  velocity  of  target  at  (XI,  YI) 

(meters/second). 

4.  (VMIN,  VMAX):  minimum  and  maximum  velocity  of  the 

target  during  the  movement  trace. 

5.  DZINC:  the  increment  of  distance  traveled  in  the 

X-Y  plane  at  which  a new  Z helghth  of  the 
movement  path  is  specified  in  ZH(I)  (meters). 

6.  NNINC:  the  number  of  DZINC  Increments  in  the  total 

movement  path  (maximum  of  200  Increments). 

NOTE:  NNINC  * s/  (XF  - XI)2  ♦ (YF  - YI? 

DZINC 

7.  TINC:  the  time  Increment  used  for  computation  of 

apparent  acceleration  and  velocity. 

8.  ZH(I),  I * 1,..., NNINC:  the  Z helghth  of  the  movement 

path  (positive  or  negative) 
at  the  end  of  the  iTR 
Increment. 

NOTE:  Initial  helghth  Is  input  for  ZI. 

9.  AC(I),  I ■ 1,... .NNINC:  the  acceleration  (or  deceler- 

ation] when  moving  from  the 
( I“1 )—  to  the  ilH.  point 
(corresponding  to  ZH( I ) ) . 

{ 

J 

NOTE:  Care  should  be  taken  to  assure  that  reasonable  values 

of  AC(I)  are  specified  for  up-slopes  and  down-slopes. 


NOTE:  If  constant  oscllatlons  between  two  heights  (and  con-  f 

stant  accelerations  over  each  Increment)  are  desired,  [I 

the  following  Inputs  are  made:  j, 

a.  Input  NNINC  ■ 0 i 


b.  Input  ZH(1)  as  the  helghth  for  the  end  of  the  first, 
third,  fifth,  etc.,  Increments. 


c.  Input  ZH(2)  as  the  heighth  for  the  end  of  the 
second,  fourth,  sixth,  etc..  Increments. 


d.  Input  AC{1)  and  AC(2)  as  the  appropriate 
accelerations  when  moving  toward  ZH(1)  and 
ZH(2) , respectively. 


i 


i 
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ATTACHMENT  10 

PROGRAM  PAPA 
FORTRAN  SOURCE  LISTING 


121 


PROGRAM  PAPA  (Ik  JT  .OUTPUT ,TAPE5« 1 NPUT , TAPEw  OUTPUT ) 

C 

C - - - - - 

C PROGRAM  PAPA 

C APPARENT  ACCELERATION  ANO  VELOCITY 
C 

C DESIGNED  t PROGRAMMED  BY  SAM  H.  PARRY,  NAVAL  POSTGRADUATE  SCHOOL 
C 

.c “FOR-  US  A ARE  NBD- FORT  KNOX AUGUST  1975-  “ - - 

C 


DIMENSION  AMP  1 1 5 ) 

COMMON  TH(4QO),THXY2(400)»DTH(400)»DDTH(400) 

• 10  CONTINUE  - 

C NCASE-1  -STRAIGHT  LINE  MOVE , «2  -SI NUSODI AL- MOVE , 3 ■ 3D  MOVE 

READ (5 , 900) NC ASF  

900  FORMAT ( III 

IFINCASE.EU.OISTOP 
DTH ( 1 ) *0  ■ 

DDT  H(  2 ) "0  - - - 

DOTHID-O. 

IFINCASE.GT .1JG0T0100  • 

READ (5, 910) XI.YI.XF ,YF, VI , VM I N , VMAX • AA  , AD , T I NC 

910  FORMAT(4F10.0,6F5.0)  - - -•  

WRITE (6 ,1500) XI  ,YI,XF,YF.VI , VM I N , VM AX , A A , AD , T INC 

— 1500 -FOR  MAT!  1 HI , 20X,  "APPARENT  AC  CEL  E RAT  I ON- AND  VELOCITY  ANALYSIS*',// , 

‘20X, "STRAIGHT  LINE  TARGET  MOVEMENT",/// 

115X, "INPUT  DATA", ///,10X, "INITIAL  POSITION  (XI, YI)  ",F8.1,1X, 
2F8.1.//10X, "FINAL  POSITION  ( XF , YF ) " , F 8 .1 , iX  , F 8 .1 , //10 X , 

3 "INITIAL  SPEED  (VI  - M/S)  » , F7  .1 , / /10X  , 

4 "M 1 N AND  MAX  SPEED  (VMIN.VMAX)  " , F 7 ,1 , IX , F 7 . 1 , // 10 X , 

- 5"ACCELE  RATI  ON /D  EC  EL  E RAT  ION-CONSTANTS  ( M/SEC  - SOU A RED  ) , ■—  - 

6F7.1  , 1 X , F 7 » 1 ,//10X,"TIME  INCREMENT  ",F7.4> 

WR  I TE ( 6 ,101 0 ) — 

1010  F0RMATI///8X, "INCREMENT  XC" ,8 X, "YC" , 9 X, "S PEED " ,2X , 

‘"ACTUAL  RANGE", 5X, 

1 "ANGLE  DANGLE  DDANGLE" ,/lX ) 

CALL  STRAIT  (XI,  Yl  >>  X F-,  YF  , V I rVM  IN-,  VM  AX-,  A A , AO , T INC  ) - 

GOT □ 10 

100  CONTINUE  - - 

IF(NCASE.GT.2)G0T0150 

READ! 5,920) XI ,Y I,XF , YF , VI , VM I N, VMAX , AA , AD , B , ANGD, ANGA.NPER , I ANG 
920  F0RMAT(4F8.0,8F5. 0,214) 

RE  A D ( 5 , 930 ) K INC  , ( AMP  (K I ) ,KI-»-l  ,K  INC  ) - - - - 

930  FORMAT ( I5,15F5.0> 

WRITE (6,1600) XI ,YI,XF,VF»VI , VMI N, VM AX, A A , AD , ANGD , ANGA ,NPER , I ANG , B 
1600  F0RMATI1H1.20X, "APPARENT  ACCELERATION  ANO  VELOCITY  ANALYSIS",//, 

1 20X,"S I NUSQO I AL- TARGET  MOVEMENT ",///, 

215X, "INPUT  DATA", ///10X , "INITIAL  POSITION  (XI, YI)  ",F0.1,iX, 

3F8.1.//10X,  "FINAL  P OSITI  ON- (XF  ,-YF  ) — ",  F 8 .1 , IX  ,F  8 .1 , //10X  , — 

4"  J N IT  l A L S«»EED  (VI  - M/S)  " , F7 . 1 , / /10X  , 

5"M I N AND  MAX  5P Ee 0 ( VM l N , VM AX  ) ",P7.1 , 1X,F7 ,1 , //10X, 

6 "AC CELE RAT  I QN/D EC  El  ORATION  CUNSTANTS  (M/5EC  SQUARED)  ", 

- - 7F7.1, IX, F7.1.//10X, "DECELERATION  POINT  IN  THE  PERIOD (RAD IANS ) ", 

8F8. 4, //10X, "ACCELERATION  POINT  IN  THE  P ER I OD ( RAD  I AN  5 ) ",F8.4,// 
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910X , "NUMBER  OF  PERIOOS  IN  THE  HOVE  ".IW/1QX, 

♦ "NUMBER  OF  INCREMENTS  PER  PERIOD", I*,// 10X , 

♦"HALF-PERIOO  DISTANCE  ",F?.ll 

WRITE (6  1 101 2)  -■  ' 

1012  FORMAT! ///8X,"I NCREMENT  XC" » 8 X * " Y C" »9X » "S PEED" » 2X  , 

♦ " ACCEL  E RAT  ION" i 2X ,"T IME" *3X ACTUAL  RANGE", 5X, 

1 "ANGLE  OANGLE  ODANCLE"  ,/lX  ) 

CALL  SINMOV (AMP ,6, XI , Y I , V I , AA , A D ,AN GD , ANGA , 1ANG  »NPER»XF ,YF, 
1VMAX  »VM IN ) 

150  CONTINUE 

I F ( NCAS  E.GT .3  I S TOP 

READ(5,975)X1,Y1,ZI,XF,VF,ZF,VI,VM1N,VHAX,DZINC,NNINC,TINC 
975  FORMAT (6F8i0,AF5.0,2X,l5,F5 .01 

CALL  THREED(XI , V I ,21 ,XF,YF,ZF,V I ,VM IN, VMAX , D1 1 NC ,NN INC , T I NC ) 

- GOTOIO  - - - 

END 


c 

C 

SUBROUTINE  STRAIT (XI,YI,XF,YP,V I ,VMIN,VMAX,AA,AD,TI NC) 

COMMON  THUOO),THXYZ  UOO  ) , DTH  UOO  ) , 0 OTH  { AOO  ) 

I»  1 - 

AC-AA 

YC  L “Y I 

VFL--V-I - 

DTRAV-0 . 

DTOT»SQRT I ( XF-X I )**2  +(YF-YI)**2) 

TEMP- ( Y F-YI  J/DTOT 

TAMP-(XF-XI I/DTOT - 

50  CONTINUE 

I f ( VFL.GE.VMAX,  AC*AO — 

IF(VFL.LE.VMIN)AC»AA 
- — IF(DTRAV.GE.DT0T)GQTQ200  • 

XC« ( AC* TAMP *(T1NC+* 2)1/2*  ♦ (VFL*TAMP*T INC ) ♦ XCL 
YC»!AC*TEMP*(TINC**2) 1/2.  ♦ ( VFL *TEMP*T I NC ) * YCL 
OTR-SQRTI (XC-XCL)**2  ♦ ( YC-YCL )»*2) 

DTRAVOTRAV  <►  OTA  - 

OFT  »$URT((XC*XCJ  *(YC*YU) 

COSTH-XC/DFT-  - 

VF«AC*T  INC  ♦ VFL 

-IF (ABS(CUSTH) .GT.l*  J-G0TQ23  0 

TH { I ) *ACOS ( COSTH ) 

—  IF  ( I .Lfc-»1  ) GOT 0100 

DTH(I|.(TH(,r)-THU-MI/TIMC 

- OTHII)»ABSIOTH{  I)  J •■•---  •-* .. ~ ... 

I F ( I .LE.2  IGOTOl  00 

DDT  H ( I ) » (OTH ( I ) -DTH ( 1-1 ) I /T INC 

100  CONTINUE 

• WRITE(6,1200H,XC»YC»VF,DFT,THH),0THU),DDTHU  ) 

1200  FORMAT ( 8X, 1 A,6X  ,F8.2,2X , F8 . 2 , 2X , F7 . 2 ,2X , F8 . 2 , 2X , 3E 1 3 .5 ) 

I F ( I »GT  .AOO  ) GOT  0190 

—  VFL-VF 

XCl-XC 

GOT  050 

190  MR  I TE  (6 , 1050  J - 

1050  F0KMAT(//10X,"RUN  TERMINATED  - EXCES5I VE  INCREMENTS") 

G0T0250  - - - 

200  WRITE  (6,1060) 

1060  - FORMAT  ( //10  X ,"RUN-T  ERM I NAT  ED-  — REACHED  - FINAL-POSITION") 

GOT  0250 

230  WR1TE(6 ,1070) 

1070  FORMAT! //10X, "RUN  TERMINATED  - COSTH  GT  1") 

GOT0250 
250  CONTINUE 

END 


r 
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SUBROUTINE  - $ INMOV < AMP , B i X I , YI,VI  ,AA,  AD,  ANGD , ANGA, I ANG ,NPER t XF , Y F r 
1VMAX i VM  IN ) 

COMMON  T H ( 400 ) ,THXYZ (400  I ,DTH (400  ) ,DDTH ( 400 ) 

DIMENSION  AMP (15) 

XCL  -X I 
YCL-Yl 

VFL»VI“ 

DT0T-$QRT((YF-YI)**2+(XF-XI)**2) 

TSIN*(XF-Xl I/DTOT 
ANGT-AS IN(TSIN) 

TCOS-CQS  ( ANGT  I . .. 

0ANG-6.283185308/IANG 

- 0YINC-(2.*B  I/IANG  - . .. 

mxUltTfl  WC  DOES  HO] 

■SC fiSBB*  w*™ 

- 00  150  -j*lt  I ANG  - - - 

AJ-J 


PERMIT  TttW 


— 55 


XCLRT-HXCL-XPI  *TCOS)+(YCl-YP)*TSIN  

YCLRT • ( (YCL-YF) *TCOS ) -(XCL-XF) *TSIN 

ycrt-yclrt--  dying- 

XCRT-  AMP ( I )*SIN<  J+D ANG ) 

DTR AV-SCRT ( ( YCRT-YC LRT I ***-♦ *< XCAT-XCLAT) **2 I 
IFIAC.EO.O. IGOTOSO 

VFLTP-VFL**2  - — 

TUMP-2. *AC*DTRAV 

- IF  C (TUMP. IT  .0.)  . AND.  (VFITP.LT. (ABS (TUMP  ))MG0T0250 
TIME- ( -VFt+ SORT (VFlTP+TUMP) ) /AC 

I F ( TIME  ,LE . 0 1G0T0240  

G0T0100 

-CONTINUE  — - 

IF(VFL.LE.0  .IG0T0255 

- T IMF-DTRAV/VFL 

CONTINUE 

XC-(XCRT*TC0$)-(YCRT*T5IN)— +-XF 

YC- <YCRT*TCOSH (XCRT*T5 IN)  ♦ YF 

DFT-SQRT(  (XC*XC  ) -+-(  YC*YC  ) ) - 

COSTH-XC/DFT 

-VF  -AC*T  IMF-  VFl 

I F ( ABS ( C05TH I .GT . 1 ) GOTO  25 7 

■ THtK)-ACOS(COSTH)  

OTH ( K)  ■ ( TH(  K-l  I -TH( K ) } /TIME 

- IF  ( K.LE  .2  IGOT060  - - - 

IF ( K.LE .1 )GOTD60 

I F ( ( ( DTH(K  KLT . 0 . K.  AND . (DTH  (IW  ) .GF.O. ) ) .OR-.—  - 

1 ( ( OTH ( K ) .GT .0. ) .AND • ( DTH ( K- 1 ) .L  T .0. I ) ) GDT05  5 

KPRTST-0  — • -•  

G0T058 

CONTINUE — 

SAVT-DTH (K I 


ATK-AB5 (DTH (K) ) 

ATKM«AB$(DTH(K-i , ) 

QTUT-ATK+ATKM 

■TTD»ATKM*TIME/QTQT  — - 

TTA-ATMTIME/QTOT 

DECL--ATKM/TTD 

ACCL-ATK/TTA 

KPRTST  • 1 - — 

DOTH (K ) «DEC  l 

TIME-TTD  

DThUO-O. 

GOTObO 

CONTINUE 

IF  (K.LE  .2  JGOTObO 

UDTH(K) -<ABS(DTH(K) )-ABS (OTH (K- 1 ) ) ) /TIKE 
cTiMi3^4fi«fl  >\nn  at  .... 


WRITE  w W c(W  F mMiijP  W K 1 ,0  TM I K ) , OD  TM  C K ) 

i format  crfx , i vjerrp mx , fs . a , 3 x , ft . 1 , 

IF(KPRTST.EQ.0)G0T070  ‘ " '*  ‘ 

TIME-TTA  • — • - 

CTIM-CT  IM+T  IMF 

DTH(K) -5AVT  - --  

UDTH(K)«ACCl 

WRITE(6f1212)CTIM,DTH(K),D0TH(K)  - 
FORMAT (6X, "CHANGE  IN  DIRECTION  OF  GUN  T RAVEL" , 1 8X , 
1F7.1,31X,2E13.5  Y — -•••• 

■ CONTINUE 

••  K-K  + l 

1 F ( K • G T .400 ) GOT  0260 

VFL-VF  

XCL-XC 

•YCL*YC- 

IF  (J*DANG.GE.ANGD)AC«AD 

-IF  (J*DANG.GE.ANGA)AC"AA-  - - - 

1F( J*DANG.GT.PI I+ANGDIAC-AO 

IF( J*DANG.GT.PI I+ANGA) AC«AA 

1 F ( (VFL.GE.VMAX).AND.(AC.GT *0.) >G0t0130 

) VFL-VMAX 

AC-0.  - 

GOT 01 50 

IF(  (VFl.LE.VHIN). AND.IAC.LT  .0.)  ) GOT 0140 - 

GOT  0150 

>-  VFL-VMIN - - - 

AC-0. 

I CONTINUE  - - 

IF  (I  ,E0.NPER)GOTO2CO 
WR I TE  < 6 ,1220) 

l FORMAT(/10X,"NEXT  PERIOO  OF  SINE  WAVE  TARGET  MOVEMENT" ,/ IX i 

■ CONTINUE- 

G0T0500 

) WR 1 TE (b  ,2100 ) J, I - 

) FORMAT( //10X, "ERROR  - INCREMENT  ",I4,"  PERIOO  ",I4,"  TIME  I 

- GOT0500  - 

) CONTINUE 


i 


VFL -VH I N 
AC«0. 

GOT  050 

- -C  250  WRITEU  >2200)  J,  I - - 

2200  TOR  HAT  <//10X,"ERR0R  - I NCREMENT  “,14,"  PERIOD  ",I4, 
1"  - NEGATIVE  UNOER  SQUARE  ROOT") 

255  WRITE(6  ,2220)  J,  I 

2220  FORMAT < //IOX, "ERROR  - INCREMENT-", 14,"  PERIOD  ",U, 
1"  VELOCITY  NEGATIVE  OR  ZERO" 1 

GDT0500 - 

257  MR  1 TE ( 6 ,2230)J, I 

2230  FORMAT! //IOX, "ERROR  - INCREMENT  ", 14,"  PERIOD  ",I4, 
1"  COS TH  GT  1"  ) 

GO  T 0500  

260  WR I TE ( 6 , 2300  ) 

2300 FORMATl //IOX, "TOTAL  ALLOWED "INCREMENTS  EXCEEDED") 
GOT  0500 

500  CONTINUE  

RETURN 

• END  


127 


J 


— SUBROUTINE  THREEDUI, VI  ,ZI,XFrYF, ZF-, VI  ,VMIN,VMAX,DZ  INC,  " 

1 NN I NC ♦ T INC  ) 

COMMON  TH(AOO)  , T HXYZ  (400  ) ,OTH  1400 1 , DOTH!  400 ) 

DIMENSION  ZH ( 200  I , AC  ( 200 ) 

OTOT»SQRT{(XP-Xn**2  ♦{ YF-Y I)**2 I 

XCL  »XI 

ZCL-ZI 

VFL»VI 

IF(NNINC.EQ.0)C0T070 

NTCROS-NNINC/8  ♦ 1 

DO  50  KZ"1,NTCRDS 

KSTART* ( CK2-1 1*81  *1  - 

KEND»KZ  *6 

50  READ(5  « 950 ) ( ZH! KJ ) , AC ( K J) ,K J"K5TART  »KEND ) • 

950  FORMAT! 16F5.0) 

GOT  080  

70  CONTINUE 

RE A D ( 5 » 950 ) ( ZH ( K J > , AC ( K J ) *K  J»1»  2 ) - - 

NN1NC-OTOT/OZINC 

- 00  75  K»1,NNINC,2- 

AC(K)-AC(1) 

75  • ZH  ( K )*ZH(  1 ) - - 

00  77  K-2tNNINC.2 

AC ( K) • A C { 2 1 

77  ZH(K|»ZH(2) 

-00  CONTINUE  - — 

WR I TE ( 6 1 1700 ) X I ,VI, ZI ,XF,YF  ,ZF, VI ,VMIN, VMAX ,DZI NC.NNINC  ,TINC 
1700  FORMAT! 1H1»20X. "APPARENT  ACCELERATION  ANO  V ELOC ITY - ANAL YSI 5 " , // , 
120X  ."THREE  DIMENSIONAL  TARGET  MOVEMENT" ,/// ,15X  ," INPUT  DATA",///, 

2 "I  N I T I A L-  P O S I T I ON  ( XI , Y I , ZB~"  ,-3  FIX  , F8  * 1 ) , / /I OX  »- * 

3"F 1 NAL  POSITION  (XF,YF,ZF)  " ,3 ( IX ,F8 .1 ) ,//l OX  , 

A " I N I T I A L » MINIMUM,  AND  MAXIMUM  VELOC ITY  -( M/ S ) " ,3 ( 1 X»F7  .1 ) ♦ //10X, 
5"LE  NGTH  OF  X-Y  DISTANCE  INCREMENT  FOR  Z CHANGE  " , F8  .1 ,/ / 10X  , 
6"NUNBER-  OF  01  ST ANCE  -INCRCMENTS— I4>/A10X  , "TIME  INCREMENT"  , F8  .4  ) 
WR  1 TE  ( 6 , 171  0 ) 

1-710  FORMAT! //30X,"TERRAIN~HE1GHTH — ACCELERATION  INCREMENTS  "//l OX, 

1 " 0 1 5 T • INC.  HEIGHTH  ACCELERATION  -FROM  PREVIOUS  TO  CURRENT  INC 

- 2, //IX)  - 

DO  90  K ■ 1 ,NN INC 

90  WRITE  (6 ,172  0 )K,ZH(K  »,AC!K) - 

1720  FORMAT! 13X, I 3,6X,F7  .1 ,6X  ,F8  .2  I 

WRITE(6  ,1730) 

1730  FORMAT (////1X,"TIME  INC.  X V Z", 7X, "SPEE D » , 

-12X, "ACCELERATION  ACTUAL-RANGE  ANGLE  (XY)",3X, 

2"ANGLE  !XY-Z)  DANGLE  DO ANGLE"/1 X ) 

DTRAXY-O.  - 

0TRAV»0, 

1»1 

VFL«V1 

TEMPS"! YF-Y I )/OTDT 

TEMPC" ( XF-X I I/O  TOT 

IF ( I .GT  .1 IGOTOl 00  

CXYPaXl/(SQRT!!XI*XI)+(Yl*Yim 


- v-V" 


CXY  ZP" ( SORT  ( (XI  *XII*I  YI*YI ) ) )/(  SORT  ( (XI  *XI  I + (YI  *YI ) + (ZI  *ZI ) )) 

TH ( 1 ) -ACOS ( CXYP  ) 

THXYZ(1  ) »AC05 (C XY2P  ) 

C J ■ INCREMENT  NUMBER  FOR  ZH(J)  AND  AC  ( J ) 

C - • 

I F ( ZH ( 1 ).GE .ZI ) NPN-1 

1F(ZH(1).LT.ZI)  NPN- 2 ~ - 

DEIZ-ZH<1)-ZI 

J*1  - - 

i-i+i 

iOO  CONTINUE 
C 

C SET  UP  FOR  NEW  INCREMENT 
C 

IP(  I.LE.2IG0T0120  * — . 

1F{ ZCl.GE.ZH( J) .ANO.NPN.EQ.l ) G0TQ1 1 0 
I F ( ZCl • LE  oZH ( J) .AND.NPN.EQ.2IGQTQ110 
G0T0150 
110  CONTINUE 
J “ J ♦ 1 

IF( J.GT.NNINC JG0T0800  

IF(ZH(J).GE.ZH( J-l) INPN-l 

1F(ZH(J).LE.ZH( J-l) INPN-2  ' - — 

DEL2-ZH (JI-ZHIJ-1I 

120  ■ CONTINJ  E • - — - 

DZTOT-SQRT ( (DELZ  **21  ♦ (0ZINC**2I) 

ZCUSQ-DZINC/OZTOT - -• 

ZSINB-ABS(OELZ) /DZTOT 

ACX-ACI J)*ZCOSB*TEMPC - 

ACY-ACI J)*ZCOSB*TEMPS 

- AC2  "AC  ( J)*Z$ 1NB  — - - 

GOT  0175 

- 150  CONTINUE  - - 


IFIVFL.GE.VMAXIG0T0155 

GOT 0160  

155  VFl-VMAX 


ACX-O. 

ACY-O. 

-ACZ-O. — 


ISlfniaY  LEGIBLE  FROOUCTIOi 


G0T0175 

160  IF( VFL.LE.VMINIG0T0165- 
GOT  0175 


165  VFL-VMIN 

ACX-O. 

ACY-O. 

ACZ-O. 

ACIJI-O.  

AC ( J ) -0  . 

175  VFU-VFL*ZC05B*TEMPC 
VFlY-VFL*ZC05B*TEMP5 
VFLZ»VFL*Z5INB  


XC- (ACX*(TINC**2)/2.)  ♦ ( VFLX*TINC)  ♦ XCL 

YC-(ACY*1TINC**2)/2.J  * <VFIY*TINC)  ♦ YCL 

TZC-(ACZ*(TINC**2)/2.)  ♦ I V FLZ*T INC  I 

I F ( NPN  • EO  • 1 ) ZC-  ZCl  + TZC— 

I F I NPN. EQ.2 ) ZC- ZCL-TZC 


T77 


.'I  I ■■  ■HI-IUlM. 


DTXY-SQRT  ( (XC-XCL  ♦ <YC-YCL)**2) 

OTR-SQRT!  !XC-XCL)**2  + <YC-YCL)**2  ♦ (ZC-ZCL)**2) 

OFT  »SQRT  !XC*XC  ♦ YC*YC  «•  ZC*ZC) 

- - DFTXY-SQRT!XC^XC- ♦ YC*YC) ~ - 

DTRAV-DTRAV  * OTR 
DTR AXY»DTRAXY  ♦ OTXY 
CXY-XC/DFTXY 

CX Y Z»DF  TXY/ OFT 

THU  )«ACQ$(CXY) 

• THX YZ(  U-ACOS(CXYZ)  * • — 

DTH  ( I ) ■ 5URT  ( UTHU  ) -TH  (I  -1 ) )**2)  ♦ < (THXYZU  J-THXYZU-l)  )**2)) 

DTH ( 1 ) ■ AbS( DTH(  I )/T  INC) 

1F( 1 .06  .3)0DTH( I ) ■ ( DTH ( I )-DTH ( l -1 ) l/TINC 
VFX«ACX  <•  TINC  + VF  LX  - - 

VFY'ACY  o TINC  ♦ VF LY 

- VFZ-ACZ  * TINC  ♦ VFLZ- 

VF ■ SORT (VFX  **2  ♦ VFY**2  ♦ VFZ**2) 

HRlTE(6,ie00)I.XC»YCtZC»VF,  AC < J ) ,DF T ,TH  ( I ),  THXYZU)  » DTH  (I  ) , DOTH  ( I ) 
1800  FORMAT! 5X, 13 ,2X  , F8 . 1 ,1 X , F8 . 1 ,3X , F7 . 1 ,4X , F6 . 1 ,3X , F7 . 2 ,9X  , 
1F7.1,3X,4!E13.5))  - 

I « I ♦ 1 

' IF  ( I ,GT  .400  ) COT 08 10 — 

VFL-VF 

XCL-XC  - - 

YCL-YC 

ZCL-ZC 

1F!DTRAXY.GE.(0Z1NC*NNINC))GQTQ850 

I F ! OTR  AXY .GE .OT  OT)  GOT  08  50 

GOT  0100 

800  WR I T E < & ,1920) 

1920  FORMAT ( / //10Xf"RUN  TERMINATED  - EXCESSIVE  DISTANCE  INCREMENTS" ) 

GOT  0900 

810  WR I Tt ( 6 *1930  ) 

1930  FORMAT! ///10X, "RUN  TERMINATED--  EXCESSIVE  ANGLE  INCREMENTS") 

GOT  0900 

850  WRITE<6,1940)  ‘ 

1940  FORMAT! ///10X,"RUN  TERMINATED  - COMPLETED  MOVEMENT  TRACE") 

900  CONTINUE - - 

RETURN 


130 


» «*>' 


! APPARENT  ACCELERATION  AND  VELOCITY  ANALYSIS 

I 

5INUSCDIAL  TARGET  MOVEMENT 

i 

i 

INPUT  DATA 

I 

INITIAL  POSITION  (XI. YI)  0.0  2000.0 

FINAL  POSITION  (XF.YF)  0.0  0,0 

! INITIAL  SPEED  (VI  - M/S  ) 15  .0 

I 

! MIN  AND  MAX  SPEED  (VMIN.VMAX)  5.0  25.0 

ACCELERATI0N/DECELERAT1CN  CONSTANTS  (M/SEC  SGUAREDI  0.0  0,0 

DECELERATION  POINT  IN  THE  P ER IOC ( RAO  I ANS ) 1.0470 

ACCELERATION  POINT  IN  THfc  P ER I00( RA C I ANS I 1.7500 

NUMBER  OF  PERIODS  IN  THE  MOVE  15 

NUMBER  OF  INCREMENTS  PER  PERIOD  24 

i 

I HALF-PLRIOu  DISTANCE  75.0 


I 
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8.  DATA  REQUIREMENTS  FROM  STAGS  TEST 


uuri  "■"•r;" 

KfflttT  fUU.1 


To  obtain  tracking  data  for  stationery  flrar  - Miring 
target  easts  to  bo  used  In  conjunction  with  the  progran  which 
dotoralaos  apparant  accaloratlon  and  velocity  for  epodflod 
target  novelet  patterns,  speeds,  and  a cool  •rations. 


A.  Target  Vehicle  During  feveasnt  Trace 

1.  The  actual  position  of  the  vehicle  as  a function  of 
tins.  £1  thor  a continuous  trace  or  discrete  values  every  at 
tins  units  (where  at  « 1 second)  will  satisfy  the  requl rennets. 


2.  Pm  actual  spend  and  acceleration  of  the  vehicle  at 
the  points  In  tins  for  which  position  Is  recorded. 

B.  Target  Tracking  Date  Relative  to  Stationary  flrar 

MOTE:  This  discussion  istun  that  gun  caaere*  *.i  the  flrar 
vehicles  dll  be  etlllaed  for  data  collection. 

1.  General  approach  (Independent  of  subtest). 

ir 

a.  basic  data  currently  planned  consists  of  various 
tine  factors  (lay  tine,  tine  to  fire  first  round,  etc.) 
and  "srtse  distance*  for  eoeh  round  (probably  In  ulle). 


b.  Additional  data  rood  rennets  consist  of  m cord- 
ing the  (X«  T)  distance  of  the  point  at  which  the  gun  Is 
pointing  fron  the  actual  sin  point  at  at  Increase ts  durlm 


point  at  i 
ilnt  at  at 


Increase ts  during 
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tracking.  Depending  on  the  tracking  tine  Interval,  At  should 
be  no  greater  than  one  second  (possibly  smaller  If  a “short" 
tracking  Interval  exists,  l.e.,  'short"  being  less  than  five 
seconds;.  In  other  words,  wc  want  to  record  the  sane  data 
whfch  will  be  collected  at  the  tine  of  firing  each  round  for 
specified  tine  Increments  during  the  tracking  phase. 

C.  It  Is  recommended  that  we  define  the  commencement  of 
tracking  (for  purposes  of  film  reduction)  as  that  point  in  time 
when  the  target  vehicle  first  appears  on  the  gun  camera  film. 

The  actual  analysis  will  Incorporate  the  determination  of  when 
tracking  actually  begins. 

D.  I recomend  that  during  the  Initial  film  reduction  process, 
we  record  tracking  date  for  only  a very  limited  number  of  cases, 
so  as  not  to  Impede  the  date  reduction  process  for  the  primary 
dependent  variables  of  Interest.  The  gun  camera  and  target 
vehicle  data  can  be  utilized  at  a later  time  for  collection  of 
additional  tracking  date  of  Interest.  Specific  recoamemdatl ons 
as  to  those  cases  for  which  tracking  data  should  be  collected 
during  the  Initial  reduction  phase  are  given  In  the  next  section. 


2.  Specific  applicable  subtests  for  tracking  data 
collection 


a.  Speed  and  Precision  of  Lay  (stationary  flrer  vs 
moving  target  cases) 

Ho  Initial  tracking  data  collection 

b.  Survivability  subtest 

(1)  Phese  I. A.  (Yano:  Constant  Speed) 

' Recommend  tracking  data  collection  for 
the  following  cases  (for  one  crew). 

(a)  Flank  course  (20  MPH) 

(b)  Flenk  course  (40  HPH) 

(c)  Oblique  course  (20  HPH) 

(d)  Oblique  courw  (40  MPH) 
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Best  Available  Copy 


(2)  Phase  II. B (Yano:  Start-Stop  Test) 

Recawnd  tracking  data  collection  for 
the  following  cases  (for  one  crew). 

(a)  Flank  course  (greatest  mobility  vehicle) 

(b)  Flank  course  (M60A1) 

(c)  Oblique  course  (greatest  mobility  vehicle) 

(d)  Oblique  course  (M60A1) 

(3)  Phase  II. C (Yano:  Evasive  Tactics) 

Recommend  tracking  data  collection  for  the 
following  cases  (for  one  crew). 

(a)  Flank  course  - H60A1  - sine  wave 

(b)  Flank  course  - (greatest  nobility  vehicle)  - 

sine  wave 

(c)  Oblique  course  - M60A1  - sine  wave 

(d)  Oblique  course  - (greatest  mobility  vehicle) 

sine  wave 

(e)  Head-on  course  - M60A1  - sine  wave 

(f)  Head-on  course  - (greatest  nobility  vehicle) 

sine  wave 

NOTE:  The  program  can  accept  sine  waves  with  varying 

amplitudes  and  frequencies  during  the  movement  trace. 
Such  a substitution  would  be  acceptable. 


(4)  St.  VI th  Phase 

No  Initial  tracking  data  collection 
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This  report  has  provided  a brief  outline  of  the  proposed 
data  requirements  to  utilize  STAGS  test  data  In  the  analysis 
of  apparent  acceleration  and  velocity  contributions  to  the 
probability  of  hit  and  survivability  of  co'ibat  vehicles. 

These  recommendations  are  subject  to  modification  based 
on  the  actual  conduct  and  results  of  the  STAGS  test. 
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